Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



convehsations 



ON 






19 WHICa 



THE ELEMENTS 



OF THAT SCIENXE ARE FAMILL\RLY EXPLAINED*. 



AND ADAPTED TO 



THE COMPREHENSION OF YWUNG PUPILS. 



'^Rvi 



Illustrated with Plates. 



»» ' T'.Ji: jkV •'"* ^ "' ■ ' ' -^'Ai*'- «>>i CflianSTRY, and C«SVKRSAT10-X8 

ON POLITICAL ECONOMY. 



FU BUSHED AND SOLD BT J. GBIGG, NO. 9, NORTH rOUETH STBEXT; AND BX 

-W. F. BASON, chahlkstun, s. c: 

1824. 






.J 



JTHENBWYORKl 

iPUBLICLIBRARYJ 



f 



233620 

'■•in OK. l.hN.'V '»^ 



.J 



ky^.J^ri/e<c t'U 



\ 



to-^ytA^y 





•••-^v 




>. - 






■>-.*■- •-'■'Sb.Ufcf 



i 



J. GrmyundG, Gooimm,priiiten, 



PREFACE. 



It is with increased diffidence tbat the author 
offers this little work to the public. The encour- 
aging reception which the Gonyersationa on Che- 
mistry and Political Economy Aave met with^ 
has induced her to venture on publishing a short 
course on Natural Philosophy; but not without the 
greatest apprehensions for its success. Her igno- 
rance of mathematics^ and the imperfect know- 
ledge of natural philosophy which that disadvan- 
tage necessarily implies^ renders her fiilly sensible 
of her incompetency to treat the subject in any 
other way than in the form of a familiar expla- 
nation of the first elements^ for the use of very 
young pupils. It is the hope of having done 
this in a manner that may engage their atten- 
tion^ which encourages her to offer them these 
additional lessons. 



PREFACE. 

They are intended^ in a course of elementary 
science, to precede tlie Conversations on Chemis- 
try; and were actually written previous to either 
of her former publications. 
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12 OENERAL PROPERTIES OF BODIES. 

J\lrs, B. The nail penetrates between the particles of 
the wood, by forcing them to make way for it; for you know 
that not a single atom of wood can remain in the space 
which the nail occupies; and if the wood is not increased 
in size by the addition of the nail, it is because wood* is a 
porous substance, like sponge, the particles of which may 
be compressed or squeezed closer together; and it is thus 
that they make way for the nail. 

We may now proceed to the next general property of bo- 
dies, extension, TA body which occupies a certain space 
must necessarily have extension; that is to say, ler^th^ breadth 
and depth; these are called the dimensions of extension: can 
you form an idea of any body without them .^j 

Emily. No; certainly I can not; though these dimensions 
must, of course vary extremely in different bodies. The 
length, breadth and depth of a box, or of a thimble, are very 
different from those of a walking stick, or of a hair. 

But is not height also a dimension of extension? 

Mrs. ^. Height and depth are the same dimension, con- 
sidered in different points of view; if you measure a body, 
or a space, from the top to the bottom, you call it depth; i( 
from the bottom upwards, you call it height; thu$^the depth 
and height of a box are, in fact, the same tbing.^ 

Emily, Very true; a moment's consideration would have 
enabled me to discover that; and breadth and width are al- 
so the same dimension. 

Mrs, B. Yes; the limits of extension constitute ^^gure 
or shape. You conceive that a body having length, breadth 
and depth, can not be without form, either symmetrical or 
irregular? 

Emily. Undoubtedly; and this property admits of almost 
an infinite variety. 

Mrs. B. Nature has assigned regular forms to her pro- 
ductions in general. The natural form of mineral substances 
is that of chrystals, of which there is a great variety. Many 
of them are very beautiful, and no less remarkable by theiV 
transparency or colour, than by the perfect regularity of their 
forms, as maybe seen in thevarious museums and collections 
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of natural history. The vegetable and animal creation ap* 
pears less symmetrical, but is still more diversified in figure 
than the mineral kingdom. Manufactured substances as- 
sume the various arbitrary forms which the art of man de« 
signs for them; and an infinite number of irregular forms 
are produced by fractures, and by the dismemberment of 
the parts of bodies. 

Emily. Such as a piece of broken china, or glass? 

Mrs, B. Or- the fragments of mineral bodies which are 
broken in being dug out of the earth, or decayed by the ef- 
fect of torrents and other causes. The picturesque efiect of 
rock-scenery is in a great measure owing to accidental irre- 
gularities of this kind. 

{We may now«roceed to divisibUily; that is to say, a sus- 
ceptnSility of being divided into an indefinite number of 
parts/Takeany small quantity of matter, a grain of sand for 
instance, and cut it into two parts; these two parts might 
be again divided, bad we instruments sufficiently fine for the 
purpose; and if by ^neans of pounding, grinding, and other 
similar methods, we carry this division to the greatest pos- 
sible extent, and reduce the body to its finest imaginable par- 
ticles, yet not one of the particles will be destroyed, and the 
body will continue to exist, though in this altered state. 

The melting of a solid body in a liquid afibrds avery 
striking example of the extreme divisibility of matter; when 
you sweeten a cup of tea, for instance, with what minute- 
ness the sugar must be divided to be difiu»ed throughout the 
whole of the liquid. 

Emily. And if you pour a few drops of red wine into a 
glass of water, they immediately tinge the whole of the wa* 
ter, and must therefore be diffused throughout it. 

Mrs. B. Exactly so; and the perfume of this lavender 
water will be almost as instantaneously diffused thoughout 
the room, if I take' out the stopper. 

EmUy. But in this case it is only the perfume of the laven- 
der, and noHtl^water itself that is diffused in tUe room? 

Mrs, JS.\The odour or smell of a body is part of the body 
itself, and is produced by very minute particles or exhala- 
tions which escape from odoriferous bodv^^« \\. "^^^k^^X^^ 

2* 
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impossible that you should smell the lavender water, if 
particles of it did not come in actual contact with your nose. 

Emily, But when I smell a flower, I see no vapour rise 
from it; and yet I perceive the smell at a considerable dts- 
tance. 

Mrs, B. You could, I assure you, no more smell a flower, 
the odoriferous particles of which did not touch your nose, 
than you could taste a fruit, the flavoured particles of which 
did not come in contact with your tongue. 

Emily, That is wonderful' indeed; the particles then, 
which exhale from the flower and from the lavender water, 
are, I suppose, too small to be visible? 

Mrs, K Certainly: you may form some idea of their ex- 
treme minuteness, from the immense number which must 
have escaped in order to perfume the whole room; and yet 
there is no sensible diminution of the liquid in the phial. 

Emily, But the quantity must really be diminished? 

Mrs, B, Undoubtedly; and were you to le^ve the bottle 
open a sufficient length of time, the whole of the water 
would evaporate and disappear^ But though so minutely 
subdivided as to be imperceptible to any of our senses, each 
particle would continue to exist; for it is not within the pow- 
er of man to destroy a single particle of matter: nor is there 
any reason to suppose that in nature an atom is ever anni- 
hilated. 

Emily, Yet, when a body is burnt to ashes, part of it, at 
least, appears to be effectually destroyed? Look how small 
is the residue of ashes beneath the grate, from all the coals 
which have been consumed within it. 

Mrs, B, That part of the coals, which you suppose to 
be destroyed, evaporates in the form of smoke and vapour, 
whilst the remainder is reduced to ashes. A body, in burning, 
undergoes no doubt very remarkable changes; it is generally -- 
subdivided; its form and colour altered; its extension increas- 
ed: but the various parts, into which it has been separated 
fay combustion, continue in existence, and retain all the es- 
sential properties of bodies. 

EmUy. But that part of a burnt body which evaporates 
in smoke has no figure; smoke^ it is true, ascends ia columns 
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iDto the air, but it is soon so much diffused as to lose all 
form; it becomes indeed invisible. 

Mrs. B. Invisible, I allow; but we must not imagine 
that what we no longer see no longer exists. Were every 
particle of matter that becomes invisible annihilated, the 
world itself would in the course of time be destroyed. The 
particles of smoke, when diffused in the air, continue still to 
be particles of matter as well as when more closely united 
in the form of coals: they are really as substantial in the one 
state as in the other, and equally so when by their extreme 
subdivision they become invisible, r No particle of matter is 
ever destroyed: this is a principle ffu must constantly re- 
member. Every thing in nature decays and corrupts in the 
Japse oS^mae. We die, and our bodies moulder to dust; but 
not a single atom of them is lost; they serve to nourish the 
earth, whence, while living, they drew their support. 
' The next essential property of matter is called inertia; 
^^is word ^ expresses the resistance which inactive mdtter 
makes to a change of state. Bodies appear to be equally in- 
capable of changing their actual state, whether it be of mo- 
tion or of rest. You know that it requires force to put a body 
which is at rest in motion; an exertion of strength is also re- 
quisite to stop a body which is already in motion; The re- 
sistance of the body to a change of state, in either case, is 
called its inertia, 

Emily, In playing at base-ball I am obliged to use all 
my strength to give a rapid motion to the ball; and when I 
have to catch it, I am sure I feel the resistance it makes to 
being stopped. But if I did not catch it, it would soon fall 
to the ground and stop of itself. 

Mrs, B, Inert matter is as incapable of stopping of itself 
as it is of putting itself into motion: when the ball ceases to 
move, therefore, it must be stopped by some other cause or 
power; but as it is one with which you are yet unacquaint- 
ed, we can not at present investigate its effects. 

The last property^ which appears to be common to all 
bodies is attraction., All bodies consist of infinitely small 
particles of matter, each of which possesses the power of at- 
tracting or drawing towards it, and uniting with any other 
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particle sufficiently near to be within the influence of its at- 
traction; but in minute particles this power extends to so 
very smattt a distance around them, that its effect is not sen- 
sible, unless they are (or at least appear to be) in contact; 
it then makes them stick or adhere together, and is hence 
called the attraction of cohesion. Without this power, solid 
bodies would fall in pieces, or rather crumble to atoms. -7 

Emily. I am so much accustomed to see bodies fir^nitid 
solid, that it never occurred to me that any power was re- 
quisite to unite the particles of which they are composed. 
But the attraction of cohesion does not, 1 suppose, exist in 
liquids; for the particles of liquids do not remain together 
so as to form a body, unless confined in a vessel? 

Mrs. B, I beg your pardon} it is the attraction of cohe- 
sion which holds this drop of water suspended at the end of 
my finger, and keeps the minute watery particles of which 
it is composed united. : But as this power is stronger in pro- 
portion as the particles of bodies are more closely united, 
the cohesive attraction of solid bodies is much greater than 
that of fluids. 

The thinner and lighter a fluid is, the less is the cohe- 
sive attraction of its particles, because they are further apart; 
and in elastic fluids, such as air, there is no cohesive attrac- 
tion among the particles. 

Emily. That is very fortunate; for it would be impossi- 
ble to breathe the air in a solid mass; or even in a liquid 
state. 

But is the air a body of the same nature as other bodies? 

Mrs. B. Undoubtedly, in ail essential properties. 

Emily. Yet you say that it does not possess one of the 
general properties of bodies — cohesive attraction? 

Mrs. B. The particles of air are not destitute of the 
power of attraction, but they are too far distant from each 
other to be influenced by it^ and the utmost efforts of human 
art have proved ineffectual in the attempt to compress 
them, so as to bring them within the sphere of each other's 
attraction, and make them cohere. 

Emily. If so, how is it possible to prove that they arc 
endowed with this power? 
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Mrs, B.^The air is Tormed of particles precisely of the 
same nature as those which enter into the composition of 
liquid and solid bodies, in which state we have a proof of 
their attraction. > 

EmUy, ^^Jijs then, I suppose, owing to the different de- 
grees of attraction of different substances^, that they are hard 
or soft^ and that liquids are thick or thin.^ 

Mrs. B. \ Yes; but you would express your meaning bet- 
ter by the term dennty^ which denotes the degree of close- 
ness and compactness of the particles of a body) thus you may 
say, both of solids, and of liquids, that the w6nger the co- 
hesive attraction, the greater is the density of the body. In 
philosophical language, density is said to be that property of 
bodies by which they contain a certain quantity of matter, 
under a certain bulk or magnitude;; Rarity is the contrary 
of density; it denotes the thinness Suiid subtlety of bodies: 
thus you would say that mercury or quicksilver was a very 
dense fluid; ether, a very rare one, &c. ' 

Goroltne. But how are we to judge of the quantity of 
matter contained jn a certain bulk? 

Mrs. B,r By the weight: under the same bulk bodies are 
said to be oiWiM in proportion as they are heavy.- 

EmUy, : Ttien we may say that metals are derhse bodies, 
wood compi»rativeIy a rare one, &c.N But, Mrs, B., when 
the particles of a body are so nea'r as to attract each other, 
the effect of this power must increase as they are brought 
by it closer together; so that one would suppose that the body 
vi'ould gradually augment in density, till it was impossible 
for its particles to be more closely united. Now, we know 
that this ts not the case; for soft bodies, such as cork, sponge, 
or butter, never become, in consequence of the increasing 
attraction of their particles, as hard as iron? ! 

J\trs, B. In such bodies as cork and spoflge, the parti- 
cles which come in contact are so few as to produce but a 
slight degree of cohesion : they are porous bodies, which, 
owing to the peculiar arrangement of their particles, abound 
with interstices which separate the particles; and these va- 
cancies are filled with air, the spring or elasticity of which 
prevents the closer union of the parts. But there U^^^Vks.^^ 
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fluid much more subtle than air, which pervades all bodies, 
this is heat. I|eat insinuates itself more or less between the 
particles of all bodies, and forces them asunder; you may 
therefore consider heat, and the attraction of cohesion, as 
constantly acting in opposition to each other. . 

EmUy, The one endeavouring to rend a body to piece?, 
the other to keep its parts firmly united. 

Mrs. B, And it is this struggle between the contending 
forces of heat and attraction, which prevents the extreme 
degree of density which would result from the sole influence 
of the attraction of cohesion. 

Emily. The more a body is heated then, the vctote its 
particles will be separated. 

Mrs. B. Certainly: we find that bodies swell or dilate 
by heat: this efiect is very sensible in butter, for instance, 
which expands by the application of heat, till at length the 
attraction of cohesion is so far diminished that the particles - 
separate, and the butter becomes liquid. A similar effect 
is produced by heat on metals, and all bodies susceptible of 
being melted. Liquids, you know, are made to boil by the 
application of heat; the attraction of cohesion then yields 
entirely to the expansive power^s the particles are totally 
separated and converted into steam or vapour.^ But the 
agency of heat is in no body more sensible than in air, 
which dilates and contracts by its increase or diminution in 
a very remarkable degree. 

Emily. The effects of heat appear to be one of the most 
interesting parts of natural philosophy. 

Mrs. B. That is true; but heat is so intimately con- 
nected with chemistry, that you must allow me to defer the 
investigation of its properties till you become acquainted 
with that science. 

To return to its antagonist, the attraction of cohesion; it 
is this power which restores to vapour its liquid form, which 
unites it into drops when it falls to earth in a shower of 
rain, which gathers the dew into brilliant gems on the 
blades of grass. 

Emily. And I have often observed that after a shower, 
the water collects into large drops on the leaves of plants; 
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but I can not say that I perfectly understand bow the at- 
traction of cohesion produces this efTect. 

Mrs, B/ Rain does not fall from the clouds in the form 
of drops, bm4n that of mist or vapour, which is composed 
of very small watery particles; these in their descent mu- 
tually attract each other, and those that are sufficiently near 
in consequence unite and form a drop, and thus the mist is 
transformed into»a shower^ The dew also Was originafiy 
in a state of vapour, buti^by the mutual attraction of the 
particles, formed into small globules on the blades of grass: 
in a similar manner the rain upon the leaf collects into large 
drops, which when they become too heavy for the leaf to 
support, fall to the ground. 

EwSLy. All this is wonderfully curious! I am almost be- 
wildered with surprise and admiration at the number of new 
ideas I have already acquired. 

Mm, B, Every step that you advance in the pursuit of 
natural science, will fill ^our mind with admiration and 
gratitude towards its Divine Author. In the study of natu- 
ral, philosophy, we must consider ourselves as reading the 
book of nature, in which the bountiful goodness and wisdom 
of Grod is revealed to all mankind; no study can then tend 
more to purify the heart, and raise it to a religious contem- 
plation of the Divine perfections. 

There is another curious effect of the attraction of cohe- 
lich I must point out to you.) It enables liquids to 
rise above their level in capillary tub^s: these are tubes, the 
bores of which are so extremely small that liquids ascend 
within then^^frgm the cohesive attraction between the parti- 
cles of the liquid and the interior surface of the tube. Do you 
perceive the water rising above its level in this small glass 
tube, which I have immersed in a goblet full of water? 

Emily, Oh yes; I see it slovi^ly creeping up the tube, but 
now it is stationary: will it rise no higher? 

Mrs, B. No; because the cohesive attraction between 
the water and the internal surface of the tube is now balan- 
ced by the weight of the water within it; if the bore of the 
tube were narrower the water would rise higher; and if you 
ifhmerse several tubes of bores of different ^\xt^^^Q>\V^ 
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see it rise to different heights in each of them. In making 
this experiment, you should colour the water with a little red 
wine, in order to render the effect more obvious. 

All porous substances, such as sponge, bread, linen, &c. 
maybe considered as collections of capillary tubes: if jou 
dip one end of a lump of sugar into water, the water wiU 
rise in it, and wet it considerably above the surface of that 
into which you dip it, ^ 

Emily. In making tea I have often observed that effect, 
without being able to account for it. 

Mrs. B. Now that you are acquainted wUh the attrac- 
tion of cohesion, I must endeavour to explain to you that of 
Gravitation^ which 13 a modification of the same power; the 
first is perceptible only in very minute particles, and at ve- 
ry small distances; the other acts pn the largest bodies, and 
extends to immense distances, v 

Emily. You astonish merwmly you do not mean to say. 
that large bodies attract each other? 

Mrs, B. Indeed I do: let us take, for example, one of 
the largest bodies in nature, and observe whether it does not 
attract other bodies. What is it that occasions the fall of 
this bookp when I no longer support it? 

Emily. Can it be the attraction of the earth? I thought 
that all bodies had a natural tendency to fall. 

Mrs. B, They have a natural tendency to fall, it is true; 
but that tendency is produced entirely by the attraction of 
the eartb: the earth being so much larger than any body 0^ 
its surface, forces every body, which is not supported, to fall 
upon it. :* ' "-. 

Emily: If the tendency which bodies have to fall results 
from the earth's attractive power, the earth itself ean have 
no such tendency, since it can not attract itself, and there- 
fore it requires no support to prevent it from falling.'^et 
the idea that bodies do not fall of their own accord, byHhat 
they are drawn towards the earth by its attraction, is so new 
and strange to me, that I know not how to reconcile my- 
self to it, 

Mrs. B. When you are accustomed to consider the fall 
of bodies as depending on this cause, it will appear to you 
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as natural, and surely much more satitfactory, than if the 
cause of their tendency to fall were totally unknown. Thus 
you understand that all matter is attractive, from the small- 
est particle to the largest mass; and that bodies attract each 
other with a force proportional to the quantity of matter they 
contain. 

EmUy. I do not perceive any difference between the at- 
traction of cohesion and that of gravitation; is it not becaLUse 
every particle of matter is endowed with an attractive pow- 
er, that lai^e bodies consisting of a great number of parti- 
cles, are so strongly attractive? 

Mn. B. True. There is, however, this difference be- 
tween the attraction of particles and that of masses, that 
the former is stronger than the latter, in proportion to the 
quantity of matter.\ OTthis you have an instance in the at- 
traction of capillary tnSes, in which liquids ascend by the 
attraction of cohesion, in opposition to that of gravity; It 
is on this account that it is necessary that the borao^iba 
tube should be extremely smallj^or if the column of water 
within the tube is not very mtflute, the attraction would not 
be able either to raise or support its weight, in opposition 
.to that of gravity. 

- Yqu may observe also, that all solid bodies are enabled 
\yfmt force of the cohesive attraction of their particles to 
resist that of gravity, which would otherwise disunite them, 
and bring them to a level with the ground, as it does in the 
ease of liquids, the cohesive attraction of which is not suf- 
ficient to enable it to resist the power of gravity. 

EmiUy, And seme solid bodies appear to be of this na- 
ture, as sand and powder for instance: there is no attrac- 
tion of cohesion between their particles? 

Mrs. B, Every grain of powder or sand is composed of 
a great number of other more minute particles, firmly uni- 
ted by the attraction of cohesion; but amongst the separate 
grains there is no sensible attraction, because they are not 
in sufficiently close contact. 

Emily, Yet they actually touch each other? 

Mrs. J3. The surface of bodies is in general so rough 

3 
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and uneven, that when in actual contact, they touch each 
other only by a few points. Thus, if I lay upon the table 
this book, the binding of which appears perfectly smooth, 
yet so few of the particles of its under surface come in con- 
tact with the table, that no sensible degree of cohesive at- 
traction takes place; for you see that it does not stick orv 
cohere to the table, and I find no difficulty in lifting it off. J 

It is only when surfaces, perfectly flat and well polistr^ 
ed, are placed in contact, that the particles approach in suf- 
ficient number, and closely enough, to produce a sensible 
degree of cohesive attraction. Here are two hemispheres 
of polished metal, I press their flat surfaces together, hav- 
ing previously interposed a few drops of oil^ to fill up every 
little porous vacancy. Now try to separate them. 

EmUy. It requires an efibrt beyond my strength, though 
there are handles for the purpose of pulling them asunder. 
Is the firm adhesion of the two hemispheres merely owing 
to the attraction of cohesion? 

Mrs, B. There is no force more powerful, since it is 
by this that the particles of the hardest bodies are held to^ 
gether. It would require a weight of several pounds to 
separate these hemispheres. 

Emily, In making a kaleidoscope, I recollect that the 
two plates of glass, which were to serve as mirrors, stuck 
so fast together, that I imagined some of the gum I had been 
using had by chance been interposed between them; but 
now I make no doubt but that it was their own natural cohe- 
sive attraction which produced this eflect. 

Mrs, B, Very probably it was so; for plate-glass has an 
extremely smooth, flat surface, admitting of the contact of 
a great number of particles, between two plates, laid one 
over the other. 

Emiiy. But, Mrs. B., the cohesive attraction of some 
is much greater than that of others; thus glue, gum and 
paste, cohere with singular tenacity. 

Mrs, B, That is owing to the peculiar chemical pro- 
perties of those bodies, independently of their cohesive at- 
traction. 
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There are some other kinds of modifications of attrac- 
tion peculiar to certain bodies; namely, that of magnetism, 
and of electricity; but we shall confine our attention mere- 
ly to the attraction of cohesion and of gravity; the exami- 
nation of the latter we shall resume at our next meeting. 
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EMIL7. 

I HAVE related to my sister Caroline all that you have 
taught me of natural philosophy, and she has been so much 
delighted by it, that she hopes you will have the goodness 
to admit her to your lessons. 

Mrs B. Very willingly; but I did not think you had any 
taste for studies of this nature, Caroline? 

Caroline, I confess, Mrs. B., that hitherto I had formed 
no very agreeable idea either of philosophy, or philosophers; 
but what Emily has told me has excited my curiosity so 
much, that I shall be highly pleased if you will allow me 
to become one of your pupils. 

Mrs, B. I fear that I shall not find you so tractable a 
scholar as Emily; I know that you are much biased in fa- 
vour of your own opinions. 

Caroline. Then you will have the greater merit in re- 
forming them, Mrs. B.; and after all the wonders that Emi- 
ly has related to me, I think I stand but little chance against 
you and your attractions. 

Mrs. B. You will, I doubt not, advance a number of 
objections; 1)ut these I shall willingly admit, as they will be 
a means of elucidating the subject. Emily, do you recol- 
lect the names of the general properties of bodies? 



ON THE ATTRACTION OF GRAVlTr. tS 

EmUyS^^Ifm^sieifzbiliijy extension, figure, divisibility, 
inertia and a&raction. y 

Mrs. B. Very well. ' You must remember that these 
are properties common to all bodies, and of which they can 
not be deprived f all other properties of bodies are called 
accidental, becaumrtfaey depend on the relation or connec- 
tion of one body to another. '^ 

Caroline. Yet surely, Mrt. B. there are other properties 
which are essential to bodies, besides those you have enu- 
merated. Colour and weight, for instance, are common to 
all bodies, and do not arise from their connection with each 
other, but exist in the bodies themselves; these, therefore, 
can not be accidental qualitTes? 

Jtfrs. B. I beg your pardon; these properties do not ex- 
ist in bodies independently of their connection with other 
bodies. 

CarolvM. What! have bodies no weight? Does not this 
table weigh heavier than this book; and, if one thing weighs 
heavier than another, must there not be such a thing as 
wei^t? 

Mrs, B. No doubt: but this property does not appear 
to be essential to bodies; it depends upon their connection 
with each other.i;^_W^ht is an efifect of the power of at- 
traction, without wEich the table and the book would have 
no weight whatever. 

EmUy. I think Lunderstand you; is it not the attraction 
of gravity which makes bodies heavy? 

Mrs, B, You are right. I told you that the attraction 
of gravity was proportioned to the quantity of matter which 
bodies containedfnovv the earth consisting of a much great- 
er quantity of nrafter than any body upon its surface, the 
force of its attraction must necessarily ^ greatest, and must 
draw every thing towards it; in consel^eiice of which, bo- 
dies that are unsupported fall to the ground, whilst those 
that are supported press upon the object which prevents 
their fall, with a weight equal to the force with which they 
gravitate towards the earth. 

Caltdine. The same cause then which occasions the fall 
of bodies, produces also their weight. It was very dull in 

3* 
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Die not to understand tbis before, as it is the natural and 
necessary consequence of attraction; but tbe idea that bo* 
dies were not really heavy of themselves, appeared to me 
quite incomprehensible. But, Mrs. B. if attraction is a pro*- 
perty essential to matter, weight must be so likewise; for 
how can one exist without the other? 

Mrs. B. Suppose there were but one body existing ia 
universal space, what would its weight be? 

Caroline. That would depend upon its size; or more 
accurately speaking, upon the quantity of matter it cdh- 
tained. 

Emily. No, no; the body would have no weight, what* 
ever were its size; because nothing would attract it. Am 
I not right, Mrs. B.? 

Mrs. B. You are: you must allow, therefore, that it 
would be possible for attraction to exist without weight; 
for each of the particles of which the body was composed, 
would possess tne power of attraction; but they could exert 
it only amongst themselves; the whole mass having nothing 
to attract, or to be attracted by, would have no weight. 

Caroline. I am now well satisfied that weight is not 
essential to the existence of bodies; but what have you to. 
object to colours, Mrs. B.; you will not, I think, deny -that 
they really exist In the bodies themselves. 

Mrs. B. When we come to treat of the subject of co- 
lours, I trust that I shall be able to convince you, that co- 
lours are likewise accidental qualities, quite distinct from 
the bodies to which tbey appear to belong. 

Caroline. Oh do pray explain it to us now, I am so very 
curious to know how that is possible. 

Mrs. B. Unless we proceed with some degree of order 
and method, you will in the end find yourself but little the 
wiser for all you learn. Let us therefore go on regularly, 
and make ourselves well acquainted with the general pro- 
perties of bodies before we proceed further. 

Emily. To return, then, to attraction, (which appears 
to me by far the most interesting of them, since it belongs 
equally to all kinds of matter) it must be mutual between 
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tvre bodies; and if so, when a stone falls to the earth, the 
earth should rise part of the waj to meet the stone? 

Jlfr«. J). Certainly; but you must recollect that the 
force of attraction is proportioned to the quantity of matter 
which bodies contain, and if you consider the difference 
there is in that respect, between a stone and the earth, you 
will not be surprised that you do not perceive the earth rise 
to meet the stooe ; for though it is true that a mutual attrac- 
tion takes place between tife earth and the stone, that of 
the latter is so very small in comparison to that of the for- 
mer, as to retf(}er its effect iosensible* 

JSmily. But since attraction is proportioned to the quan- 
tity of matter which bodies contain, why do not the hills 
attract the houses and churches towards them? 

CoroZtiie. Heavens, Emily, what ai^ idea! How can the 
houses and churches be moved, when they are so firmly 
fixed in the ground! 

Mn. B. Emily'^s question is not absurd, and your an- 
swer, Caroline, is perfectly just; but can you tell us why 
the houses and churches are so firmly fixed ih the ground? 

Caroline. I am afraid I have answered right by mere 
chance; for I begin to suspect that bricklayers and carpen- 
ters could give but little stability to their buildings, without 
the aid of attraction. 

J^^rs, -Bf^.It is certainly the cohesive attraction between 
the bricks'«id the mortar, which enables them to build 
walls, and these are so strongly attracted by the earth, as to 
resist every other impulse; otherwise they would necessa- 
rily move towards the hills and the mountains; but the less- 
er force must yield to the greater. There are, however, 
some circumstances in which the attraction of a large body 
has sensibly counteracted that of the earth. If whilst stand- 
ing on the declivity of a mountain, you hdkl a plumb-line 
in your band, the weight will not fall perpendicular to the 
earth, but incline a little towards the mountain; and this is 
owing to the lateral, or sideways attraction of the mountain, 
interfering with the perpendicular attraction of the earth. 

Endly. But the size of a mountain is very trifling, com- 
pared to the whole earth. 
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Mrs. jB. Attraction, you must recollect, diminishes with 
distance; and in the example of the plumb-line, the weight 
suspended is considerably qearer to the mountain than to 
the centre of the earth. 

Cardme. Pray Mrs. B. do the two scales of a balance 
hang parallel to each other? 

Mrs. B. You mean, I suppose, in other words to inquire 
whether two lines which are perpendicular to the earth, are 
parallel to each other? I believe I guess the reason of your 
question; but I wish you would endeavour to answer it 
without my assistance. 

Carolinei^ was Uiinking that such lines^ must both tend 
by "gravity to the same point, the centre of the earth; now 
lines tending to the same point can not be parallel, as paral- 
lel lines are always at an equal distance from each other, 
and would never meet. \ 

Mrs. B. Very well explained; you see now tEe use of 
your knowledge of parallel lines: had you been ignorant of 
their properties, you could not have drawn such a conclu- 
sion. This may enable you to form an idea of the great 
advantage to be derived even from a slight knowledge of 
geometry, in the study of natural philosophy; and if, after 
I have made you acquainted with the first elements, you 
should be tempted to pursue the study, I would advise you 
to prepare yourselves by acquiring some knowledge of ge- 
ometry. This science would teach you that lines which 
fall perpendicular to the surface of a sphere can not be 
parallel, because they would all meet, if prolonged to the 
centre of the sphere; while lines that fall perpendicular to 
a plane or flat surface, are always parallel, because if pro- 
longed, they would never meet. 

Emily. And yet a pair of scales, hanging perpendicular 
to the earth, appear parallel? 

Mrs. JS. Because the sphere is so large, and the scales 
consequently converge so little, that their inclination is not 
perceptible to our senses; if we could construct a pair of 
scales whose beam would extend several degrees, their con- 
vergence would be very obvious; but as this can not be ac- 
complished, let us draw a small figure of the earth, and 
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then we may make a pair of scales of the proportion we 
please, (fig. 1. pi. I.) 

Caroline, ^^his figure renders it very clear: then two 
"bodies can li^tfall to the earth in parallel lines? 

Mrs. B. Never. v "-' 

Caroline. The reason that a heavy body falls quicker 
than a light one, is, I suppose, because the earth attracts it 
more strongly? 

Mrs. B. The earth, it is true, attracts a heavy body 
more than a light one; but that would not make the one 
fall quicker than the other. 

Caroline. Yet, since it is attraction that occasions the 
fall of bodies, surely the more a body is attracted, the more 
rapidly it will fall. Besides, experience proves it to be so. 
Do we not every day see heavy bodies fall quickly, and 
light bodies slowly. 

Emiiy. It strikes me, as it does Caroline, that as attrac- 
tion U proporUoned to the Quantity of matter, the earth must 
necessarily attract a body which contains a great quantity 
more strongly, and therefore bring it' to the ground sooner 
than one consisting of a smaller quantitv. 

Mrs. ^. You must consider, that if heavy bodies are at- 
tracted mo><tjstj[angly than light ones, they require more at- 
traction to make them fall. ; Remember that bodies have 
no natural tendency to fall,-^ any more than to rise, or to 
move laterally, and that they will not fall unless impelled 
by some force; now this force must be proportioned to the 
quantity of matter it has to move: a body consisting of 1000 
particles of matter, for instance, requires ten times as much 
attraction to bring it to the ground in the same space of 
time as a body consisting of only 100 particles. 

Caroline. I do not understand that; for it seems to me, 
that the heavier a body is, the more easily and readily it 
falls. 

Emily. I think I now comprehend it; let me try if I can 
explain it to Caroline. Appose that I draw towards me 
two weighty bodies, the one of lOOlbs. the other of lOOOlbs. 
must I not exert ten times as much strea'gth to draw the 
larger one to me, in the same space qI \me ^Sk \^ \vj^>x^^ 



so ON THE ATTRACTION OF GRAVITT. 

for the smaller one? And if the earth draws a body of 
lOOOlbs. weight to it in the same space of time that it draws 
a body of lOOIbs. does it not follow that it attracts the body 
of lOOOlbs. weight with ten times the force that it does that 
oflOOlbs.? 

'Caroline. I comprehend your reasoning perfectly; but if 
it were so, the body of lOOOlbs. weight, and that of iDOlbs. 
would fall with the same rapidity; and the consequence 
would be, that all bodies, whether light or heavy, being at 
an equal distance from the ground, would fall to it in the 
same space of time: now it is very evident that this conclu- 
sion is absurd; experience every instant contradicts it; ob- 
serve how much sooner this book reaches the floor than thii 
sheet of paper, when I let them drop together. 

Emily. That is an objection I can not answer. I must 
refer it to you, Mrs. B. 

Jlfrs. B. I trust that we shall not find it insurmountable. 
It is true that, according to the laws of Attmcf inn, aU bodUt 
at an equal distance from the earth, should fall, to it in the 
same space of time; and this would actually- take place if 
no obstacle intervened to impede their fall. But bodies fall 
through the air, and it is the resistance of the air which 
makes bodies of difierent density fall with different degrees 
of velocity. They must all force their way through the air, 
but dense heavy bodies overcome this obstacle more easily 
than rarer or lighter ones. 

The resistance which the air opposes to the fall of bodies 
is proportioned to their surface, not to their weight; the air 
being inert, can not exert a greater force to support the 
weight of a cannon ball, than it does to support the weight 
of a bail (of the same size) made of leather; but the cannon 
ball will overcome this resistance more easily, and fall to 
the ground, consequently, quicker than the leather ball. 

Caroline. This is very clear and solves the diflScuIty 
perfectly. The air offers the same resistance to a bit of 
lead and a bit of feather of the same size; yet the one 
seems to meet with no obstruction in its fall, whilst the 
other is evidently resisted and supported for some time by 
the air. 
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Emily. The larger the surface of a body, then, the more 
air it covers, and the greater is the resistance it meets with 
from it. r . 

Mrs, bA Cejpkiinly: observe the manner in which diis 
sheet of papeff^falls; it floats i^while in the air, and then 
gently descends to the ground. I will roll the same piece 
of paper up into a bail: it offers now but a small surface to 
the air, and encounters therefovt but little resistance: see 
how much more rapidly it falls. 

The heaviest bodies mav be made to float awhile in the 
^ir, by making the extent of their surface counterbalance 
their weight. "^vHere is some gold, which is the most dense 
body we are ac)^uainted with, but it has been beaten into a 
very thin lelaf; and offers so great an extent of surface in 
proportion to its weight, that its fall, you see, is still more 
retarded by the resistance of the air than that of the sheet 
ef paper. 

Caroline, That is very curious: and it is, I suppose, 
upon the same principle that iron boats may be made to 
float on water? 

But, Mrs. B., if the air is a real body, is it not also sub- 
jected to the laws of gravity? 

Mrs. B.x Undoubtedly. / 

Caroline. ^Then why does it not, like all other bodies, 
fall to the ground? 

Mrs, Bi On account of its spring or elasticity. The air 
is an dastit fluid; a species of bodies, the peculiar property 
of which is to resume, after compression, their original di- 
mensions; and you must consider the air of which the at* 
mosphere is composed as existing in a state of compression, 
for its particles being drawn towards the earth by gravity, 
are brought closer together than they would otherwise be, 
but the spring or elasticity of the air by which it endeavours 
to resist compression, gives it a constant tendency to expand 
itself, so as to resume the dimensions it would naturaHy 
have, if not under the influence of gravity. 'The air may 
therefore be said constantly to struggle with the power of 
gravity without being able to overcome it. i Gravity <A\>\^ 
confines the air to the regions of o\mc %\o\it^ 'wV^XsXW.^ ^'^^v- 
7itf prevents it from falling like olViw bo^v^^v^^^ ^oNisA 
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Emily. I The air then is, I suppose, thicker, or I should 
rather saAmore dense, near the surface of the earth, than 
in the hignbr regions of the atmosphere; for that part of the 
air which il nearer the surface of the earth must be most 
strongly attrsiiated. 

Mn. B. The dilpiinution of the force of gravity, at lo 
small a distance as ^at to which the atmosphere extends 
(compared with the size of the earth) is so inconsiderable 
as to be scarcely sensible; but the pressure of the upper 
parts of the atmosphere on those beneath, renders the air 
near the sur(|ice of the earth much more dense than die 
upper regions. /The pressure of the atmosphere lias been 
compared to tlnt^of a pile of fleeces of wool, in which the 
lower fleeces are pfiessed together by the weight of those 
above; these lie light and loose, in proportion as they ap- 
proach the uppermost fleece, which receives no external 
pressure, and is confined merely by the force of its own 
gravity. 

Caroline. It has just occurred to me that there are some 
bodies which do not gravitate towards the earth.;'" Smoke 
and steam, for instance, rise instead of falling. ^ 

Mrs B. It is still gravity which produces their ascent; 
at least, were that power destroyed, these bodies would not 
rise. 

Caroline. I shall be out of conceit with gravity, if it ii 
so incojDsistent in its operations. 

Mrs, B. There is no difficulty in reconciling this appa- 
rent inconsistency of effect. The air near the earth is hea- 
vier than smoke, steam, or other vapours; it consequently 
not only supports these light bodies, but forces them to rise, 
till they reach a part of the atmosphere, the weight of which 
is not greater that their own, and then they remain station- 
ary. Look at this bason of water; why does the piece of 
paper which I throw into it float on the surface? 

Emily. Because, being lighter than the water, it is sup- 
ported by it. 

Mrs. B. And now that I pour more water into the ba- 
son, why does (he paper rise? 

JSmUy. The water being heavier than the paper, gets be- 
fieatb it, and obliges it to rise. 
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J^hs. B, In a similar manner are smoke and vapour 
forced upwards by the air; but these bodies do not, like the 
paper ascend to the surface of the fluid, because, as we ob- 
served before, the air being thinner and lighter as it Is more 
distant from the earth, vapours rise only till they attain a 
region of air of their own density. Smoke, indeed ascends 
but a very little waff it consists of minute particles of fuel 
carried up by a dirrentof heated air from the fire below: 
heat, you recoUecit^'eiqiands all bodies; it consequently rare- 
fies air, and renders it lighter than the colder air of the at- 
JDOsphere; the heated air from ttie fire carries up with it 
vapour and small particles of the combustible materials 
vriiich are burning m the fire. When this current of hot 
air is cooled by mixing with the atmosphere, the minute 
particles of coal or other combustible fall; it is this which 
produces the small black flakes which render the air, and 
every thing in contact with it, in London, so dirty. 

Caroline, You must, however, allow me to make one 
more objection to the universal gravity of bodies; which is 
the ascent of air balloons, the materials of which are. un- 
doubtedly heavier than air: how, therefore, can they be 
/iupported by it? 

Mrs. B, I admit that the materials of which balloons 
are made are heavier than the air; but the air with which 
they are filled is an elastic fluid, of a different nature from the 
isitmospheric air, and considerably lighter; so that on the 
whole the balloon is lighter that the air which it displaces, 
and consequently will rise, on the same principle as smoke 
and vapour. Now, Emily, let me hear if you can explain 
how the grairity of bodies is modified by the effect of the air? 

JSmSj^The air forces bodies which are lighter than it- 
self to ascend; those that are of an equal weight will remain 
stationary .in it; and those that are heavier will descend 
through liChxxi the air will have some effect on these last; for 
if they af^ot much heavier, they will with difiiculty over- 
come the resistance they meet with in passing through it, 
they will be borne up by it, and their fall will be more or 
less retarded. 

Mrs. B. Yery well. Observe how slowly this light fea- 

4 
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ther falls to the ground, while a heavier body, like this mar- 
ble, overcomes the resistance which the air makes to its 
descent much more easily, and its fall is proportionally more 
rapid. I now throw a pebble into this tub of water; it does 
not reach the bottom near so soon as if there were no wa- 
ter in the tub, because it meets with resistance from the 
water. Suppose that we could empty the tub, not only of 
water, but of air also, the pebble would then fall quicker 
still, as it would in that case meet with no resistance at all 
to counteract its gravity. 

Thus you see that it is not the different degrees of gravi- 
ty, but the resistance of the air, which prevents bodies of 
different weight from falling with equal velocities; if the air 
did not bear up the feather, it would reach the ground as 
soon as the marble. 

Caroline. I make no doubt that it is so; and yet I do 
not feel quite satisfied. I wish there was any place void 
of air, in which the experiment could be made. 

Mrs, B. If that proof will satisfy your doubts, I can 
give it you. Here is a machine called an air pump^ (fig. 
2, pi. 1,) by means of which the air may be expelled from 
any close vessel which is placed over this opening, through 
which the air is pumped out. Glasses of various shapeS| 
usually called receivers, are employed for this purpose. We 
shall now exhaust the air from this tall receiver which is 
placed over the opening, and we shall find that bodies of 
whatever weight or size within it, will fall from the top to 
the bottom in the same space of time. 

Caroline. Oh, I shall be delighted with this experiment; 
ivhat a curious machine! how can you put the two bodies 
of different weight within the glass, without admitting the 
air? 

Mrs, £» A guinea and a feather are already placed there 
for the purpose of the experiment: here is, you see, a con- 
trivance to fasten them in the upper part of the glass; as 
soon as the air is pumped out, I shall turn this little screw, 
by which means the brass plates which support them will 
be inclined, and the two bodies will fall. — Now I believe 
I have pretty well exhausted the air. 
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Caroline. Pray let me turn the screw. — I declare, they 
both reached the bottom at the same instant! Did you see, 
Emily, the feather appeared as heavy as the guinea? 

Emily, Exactly; and fell just as quickly. How won- 
derful this is! what a number of entertaining experiments 
might be made with this machine! 

MrB. B, No doubt there are a great variety; but we shall 
reserve them to elucidate the subjects to which they relate: 
if I bad not explained to you why the guinea and the fea- 
ther fell with equal velocity, you would not have been so 
well pleased with the experiment. 

Emily, I should have been as much surprised, but not so 
nmch interested; besides, experiments help to imprint on 
the memory the facts they are intended to illustrate; it will 
be better therefore for us to restrain our curiosity, and wait 
for other experiments in their proper places. 

Caroline. Pray by what means is the air exhausted in 
this receiver? 

JUrs B, You must learn something of mechanics in or* 
der to understand the construction of a pump. At our next 
meeting, therefore, I shall endeavour to make you acquaint- 
ed with the laws of motion, as an introduction to that sub* 
ject 
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MRS. B. 

The science of mechanics is founded on the laws of mo- 
tion; it will therefore be necessary to make you acquainted 
with these laws before we examine the mechanical powers. 
Tell me, Caroline, what do you understand by the word 
motion ? 

Caroline. I think I understand it perfectly, though I am - 
at a loss to describe it. Motion is the act of moving about, 
of going from one place to another, it is the contrary of re- 
maining at rest. 

Mrs. B. Very well. Motion then consists in a chanee 
of place; a body is in motion whenever it is changing its- 
situation with regard to a fixed point. 

Now since we have observed that one of the general pro- 
perties of bodies is Inertia, that is, an entire passiveness, 
either with regard to motion or re^, it follows that a body 
can not move without being put into motion; the power 
which puts a body into motion is called ^ce; thus the stroke 
of the hammer is the force which drives .the nail; thepull- 
ing of the horse that which draws the carriage, &c. Force 
then is the cause which produces motion. 
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EmUy. And may we not say that gravity is the force 
which occasions the fall of bodies? 

Mrs. B. Undoubtedly. I have given you the most fa- 
miliar illustrations in order to render the explanation clear; 
bat since you seek for more scientific examples, you may 
sai^that cohesion is the force which binds the particles of 
MJaies together, and heat that which drives them asunder*^ 
r The motion of a body acted upon by a single force is al- 
wajLS in a straight line, in the direction in which it received 
the impulse. ^^ 

Caroliner-^hat is very natural; for as the body is inert, 
and can move only because it is impelled, it will move on- 
ly in the direction in which it is impelled. The degree of 
qaickness with which it moves, must, I suppose, also de- 
pend upon the degree of force with which it is impelled. 

Mrs. B. Yes ^ the rate at which a body moves, or the 
shortness of the time which' it takes to move from one place 
to another, is called its velocity; and it is one of the laws 
of motion, that the velocity of thelnoying body is propor- 
tional to the force by which it is put in motion. )We must 
jUstinguish between absolute and relative velocity, 
^^be velocity of a bodv is called absohie^ if we consider 
Ibe^ motion of the body in space, without any reference to 
that of other bodies. When, for instance, a horse goes fifty 
miles in ten hours, his velocity is five miles an hour. ) 

The velocity of a body is termed relative, when compared 
with that of another body which is itself in motion. For 
instance, if one man walks at the rate of a mile an hour, 
and another at the rate of two miles an hour, the relative 
velocity of the latter is double that of the former; but the 
absolute velocity of the one is one mile, and that of the other 
two miles an hour. ''' 

EmUy, Let wxt see if I understand it — ^The relative ve- 
locity of a body is the degree of rapidity of its motion com- 
pared with that of another body; thus if one ship sail three 
times as far as another ship in the same space of time, the 
jelocity of the former is equal to three times that of the latter. 

Mrs. bJ The general rule may be expressed thus: the 
velocity or^-WSy is measured by the ft^^tt ^\^\ -^XivJck '>S. 

4* 
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moves, divided by the time which it employs in that^mo- 
tion: thus if you travel one hundred miles in twenty hours, 
what is your velocity in each hour? ? 

EmUy. I must divide the space,'^ which is one hundred 
miles, by the time, which is twenty hours, and the answer 
will be five miles an hour. Then, Mrs. B., may we not re- 
verse this rule and say that the time is equal to the space 
divided by the velocity; since the space, one hundred miles, 
divided by the velocity, five miles, gives twenty hours for 
the time? 

Mrs, jB. Certainly; and we may say also that space is 
equal to the velocity multiplied by the time. Can you tell 
me, Caroline, how many miles you will have travelled, if 
your velocity is three miles an hour, and you travel six hours? 

Caroline. Eighteen miles; for the product of 3 multi- 
plied by 6, is 18. ' ' 

Mrs. jB. I suppose that you understand what is meant by 
the terms uniform^ accelerated and retarded motion. 

EmUy. I conceive uniform motion to be that of a body 
whose motion is regular, and at an equal rate throughout; 
for instance, a horse that goes an equal number of miles every 
hour. But the hand of a watch is a much better example, as 
its motion is so regular as to indicate the time. 

Mrs, B, You have a right idea of uniform motion; but 
it would be more correctly expressed by sayingj^lhat the 
motion of a body is uniform when it passes over equal spaces 
in' equal times. Uniform motion is produced by a force hav- 
ing acted on a body once and having ceased to act; asj for 
instance, the stroke of a bat on a cricket ball. 

Caroline. But the motion of a cricket bail is not uni- 
form; its velocity gradually diminishes till it falls to the 
ground. 

Mrs, B. Recollect that the cricket ball is inert, and 
has no more power to stop than to put itself in motion; if it 
falls, therefore, it must be stopped by some force superior 
to that by which it was projected, and which destroys its 
motion. 

Caroline. And it is no doubt the force of gravity which 
counteracts and destroys that of projection; but if there were 
nosucb power as gravity, would the cricket ball never stop? 
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Mrs* B. If neither gravity nor any other force, such as 
the resistance of the air, opposed its motion, the cricket 
ball, or even a stone thrown by the hand, would proceed on- 
wards in a right line, and with a uniform velocity forever. 

Cki/roline, You astonish me! I thought that it was im- 
possible to produce perpetual motion? 
. Mrs, jB.r Perpetual motion can not be produced by art, 
because grai^ttj^ltimately destroys all motion that human 
powers can produce^j^^ 

Emily, But independently of the force of gravity, I can 
not conceive that the little motion I am capable of giving to 
a stone would put it in motion forever. 

Mrs. B, The quantity of motion you communicate to 
the iitone would not influence its duration; if you threw it 
with little force it would move slowly, for its velocity you 
must remember, will be proportional to the force with which 
it is projected; but if there is nothing to obstruct its passage, 
it will continue to move with the same velocity, and in the 
same direction as when you first projected it. 

Caroline. This appears to me quite incomprehensible; 
we do not meet with a single instance of it in nature. 

Mrs, B, I beg your pardon. When you come to study 
the motion of the celestial bodies, you will find that nature 
abounds with examples of perpetual motion; and that it con- 
duces as much to the harmony of the system of the universe, 
88 the prevalence of it would to the destruction of all com- 
fort en our globe. The wisdom of Providence has there- 
fore ordained insurmountable obstacles to perpetual motion 
here below, and though these obstacles often compel us to 
contend with great difficulties, yet there results from it that 
order, regularity and repose, so essential to the preservation 
of all the various beings of which this world is composed. 

Now can you tell me what is retarded motion'^ 

Caroline. Retarded motion is that of a body which 
moves every axtpment slower and slower: thus when I am 
tired with walking fast, I slacken my pace; or when a stone 
is thrown upwards, its velocity is gradually diminished by 
the power of gravity. < 
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J\It8. B. Retarded motion is produced by some force 
acting upon the body in a direction opposite to that which 
first put it in motion: you who are an animated being, en- 
dowed with power and will, may slacken your pace, or stop 
to rest when you are tired; but inert patter is incapable of 
any feeling of fatigue, can never slacken its pace, and never 
stop unless retarded or arrested in its course by some op- 
posing force; and as it is the laws of inert bodies which 
mechanics treats of, I prefer your illustration of the stone 
retarded in its ascent. Now Emily, it is your turn; what is 
accelerated motion') 

Emilxfi Accelerated motion, I suppose, takes place when 
the velocity/of a body is increased; if you had not objected 
to our giving such active bodies as ourselves as examples, I 
should say that my motion is accelerated if I change my 
pace from walking to running. I can not think of any in- 
stance of accelerated motion in inanimate bodies; ail mo« 
tion of inert matter seems to be retarded by gravity. 

Mrs, B, Not in all cases; for the power of gravitation 
sometimes produces accelerated motion; for instance, a stone 
falling from a height moves with a regularly accelerated 
motion. 

EmUy. True; because the nearer it approaches the earth, 
the more it is attracted by it. 

Mrs. jB. You have mistaken the cause of its accelera- 
tion of motion; for though it is true that the force of gravity 
increases as a body approaches the earth, the difference is 
so trifling at any small distance from its surface as not to be 
perceptible. 

Accelerated motion is produced when the force which put 
a body in motion continues to act upon it during its motion, 
so that its motion is continually increased. When a stone 
falls from a height, the impulse which it receives from gra- 
vity during the first instant of its fall, would be sufficient to 
bring it to the ground with a uniform velocity: for, as we 
have observed, a body having been once acted upon by a 
focce, will continue to move with a uniform velocity; but the 
stone is not acted upon by gravity merely at the first instant 
of its fall; this power continues to impel it during the whole 
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of its descent, and it is this continued impulse which ac- 
celerates its motion. 

Emily. I do not quite understand that. 

Mrs. JB. Let us suppose that the instant after you have 
let fall a stone from a high tower, the force of gravity were 
annihilated, the body would nevertheless continue to move 
downwards, for it would have received a first impulse from 
gravity, and a body once put in motion will not stop unless 
it meets with some obstacle to impede its course; in this 
case its velocity would be uniform, for though there would 
be no obstacle to obstruct its descent, there would be no 
force to accelerate it. 

Emily. ^That is very clear. 

Mrs. Bl Then you have only to add the power of gravity 
constantly acting on the stone during its descent, and it will 
not be difficult to understand that its motion will become 
accelerated, since the gravity which acts on the stone dur- 
ing the first instant of its descent, will continue in force every 
instant till it reaches the ground. Let us suppose that the 
imptil!ie given by gravity to the Stone during the first Instant 
of its descent be equal to one, the next instant we shall find 
that an additional impulse gives the stone an additional ve- 
locity equal to one, so that the accumulated velocity is now 
equal to two; the following instant another impulse increases 
tlie velocity to three, and so on till the stone reaches the 
ground. 

Carciine. Now I understand it; the effects of preceding 
impulses must be added to the subsequent velocities. 

Mrs. B. ^cs; it has been ascertained, both by experi- 
ment and calculations, which it would be too difficult for us 
to enter into, that heavy bodies descending from a height by 
the force of gravity, fall sixteen feet the first second of time, 
three times that distance in the next, five times in the third 
second, seven times in the fourth, and so on, regularly in- 
creasing their velocities according to the number of seconds 
during which the body has been falling. 

Emily. If you throw a stone perpendicularly upwards, 
is it not the same length of time ascending that it is de- 
scending? 
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Mrs. B. Exactly; in ascending, the velocilj is dimi- 
nished by the force of gravity; in descending, it is accele- 
rated by it. ^ 

Caroline: I should then have imagined that it would 
have fallen quicker than it rose? 

Mrs. B, You must recollect that the force with which 
it is projected must be taken into the account; and thai this 
force is overcome and destroyed by gravity before the body 
falls. 

Caroline. But the force of projection given to a stone in 
throwing it upwards, can not always be equal to the force of 
gravity in bringing it down again, for the force of gravity is 
always the same, whilst the degree of impulse given to the 
stone is optional; I may throw it up gently, or with violence. 

Mrs. B. If you throw it gently, it will not rise high; 
perhaps only sixteen feet, in which case it will fall in one 
second of time. Now it is proved by experiment, that an 
impulse requisite to project a body sixteen feet upwards, 
will make it ascend that height in one second; here then 
the times of the ascent and descent are equal. But sun* 
posing it be required to throw a stone twice that height, the 
force must be proportionally greater. 

You see then, that the impulse of projection in throwing 
a body upwards, is always equal to the action of the force 
of gravity during its descent; and that it is the greater or 
less distance to which the body rises, that makes these two 
forces balance each other. 

I must now explain to you what is meant by the momen" 
turn of bodies. It is the force, or power, with which a body 
in motion, strikes against another body. The momentum of 
a body is composed of its quantity of matter, multiplied by 
its quantity of motion; in other words, its weight and its ve- 
locity. 

Caroline. The quicker a body moves, the greater, no 
doubt, must be the force with which it would strike against 
another body. 

Emily. Therefore a small body may have a greater mo- 
mentum than a large one, provided its velocity be su£5ciently 
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greater; for instance, the momentum of an arrow shot from 
a bow, must be greater than a stone thrown by the hand. 

Caroline, We know also bj experience, that the heavier 
a body is, the greater is its force; it is not therefore difficult 
to understand, that the whole power or momentum of a body 
must be composed of these two properties: hut I do not un- 
derstand why they should be multiplied^ the one by the other; 
I should have supposed that the quantity of matter should 
have been added to the quantity of motion? 

Mrs, JBTlt is found by experiment, that if the weight of 
a body is iiepresented by the number 3, and its velocity also 
by S, its momentum will be represented by 9; not 6, as 
would be the case, were these figures added, instead of be- 
ing multiplied together.: I recommend it to you to be care- 
ful to remembec the d^nition of the momentum of bodies, 
as it is one of the most important points in mechanics; you 
will find, that it is from opposing motion to matter, that ma- 
rines derive their powers."^ 

The reaction of bodies, is the next law of motion which 
1 must explain to you. When a body in motion strikes 
against another body, it meets with resistance from it; the 
resistance qf the body at rest will be equal to the blow struok 
by the body in motion; or to express myself in philosophical 
language, action and reaction will be equal, and in oppo- 
site directions. 

Caroline, Do you mean to say, that the action of the 
body which strikes, is returned with equal force by the body 
which receives the blow? 

Mrs. B. ^ Exactly. 

Caroline. But if a man strikes another on the face with 
his fist, he surely does not receive as much pain by the re- 
action, as he inflicts by the blow? 

* In comparing together the momenta of difTerent bodies, we must 
be attentive to measure their weights and velocities, by the same de- 
nomination of weights and of spaces, otherwise the results would not 
agree. Thus if we estimate the weight of one body in ounces, w« 
must estimate the weight of the rest also in ounces, and not in pounds; 
and in computing the velocities, in like manner we should adhere to 
the same standard of measure, both of space and of time; as for in- 
stance, the number of feet in one second, or of miles in one houv. 
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J\fn. B. No; but this is simply owing to the knuckles 
having much less feeling than the face. 

Here are two ivory balls suspended by threads, (plate I. 
fig. 3.) draw one of them, A, a little on one side, — now let 
it go; — it strikes, you see, against the other ball B, and 
drives it off, to a distance equal to that through which the 
first ball fell; but the motion of A is stopped, because when 
it struck B, it received in return a blow equal to'that it gave, 
and its motion was consequently destroyed. 

Emily* I should have supposed, that the motion of the 
ball A was destroyed, because it had communicated all its 
motion to B. 

Mrs. jB. It is perfectly true, that when one body strikes 
against another, the quantity of motion communicated to the 
second body, is lost by the first; but this loss proceeds from 
the action of the body which is struck. 

Here are six ivory balls hanging in a row, (fig. 4.) draw 
the first out of the perpendicular, and let it fall against the 
second. None of the balls appear to move, you see, except 
the last, which flies off as far as the first ball fell; can you 
explain this? 

Caroline. I believe so. When the first ball struck tbe 
second, it received a blow in return, which destroyed its 
motion; the second ball, though it did not appear to move, 
must have struck against the third; the reaction of which 
set it at rest; the action of the third ball must have been de- 
stroyed by the reaction of the fourth, and so on till motion 
was communicated to the last ball, which, not being re- 
acted upon, flies off. 

J\Irs. jB. ' Very well explained. Observe, that it is only 
when bodies are elastic, as these ivory balls are, that the 
stroke returned is equal to the stroke given. I will show 
you the difference with these two balls of clay, (fig. 5.) 
which are not elastic; when you raise one of these, D, out 
of the perpendicular, and let it fall against the other, E, the 
reaction of the latter, on account of its not being elastic, is 
not sufficient to destroy the motion of the former; only part 
of the motion of D will be communicated to E, and the two 
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balls will move on together to d and e, which is not so great 
a distance as that through which D ielL 

Observe how useful reaction is in nature.\ Birds in flj- 
ing strike the air with their wings, and it is t^ reaction of 
the air which enables them to rise, or advance forwards; 
reaction being always in a contrary direction to action. J 

Caroline. I thought that birds might be lighter than'lhe 
air, when their wings were expanded, and by that means 
enabled to- flj. 

Mrs, BjrWhen their wings arc spread, they are better 
supported i^^Jbe air, as they cover a greater extent of sur- 
face; but they are still much too heavy to remain in that 
situation, widiout continually flapping their wings, as you 
may have noticed when birds hover over their nests: the 
fitfce with which their wings strike against the air must 
equal the weight of their bodies, in order that the reaction 
of the air may be able to support that weight; the bird will 
then remain stationary. \ If the stroke of the wings is great- 
er than is required merely. to support the bird, the reaction 
of the air will make it rise; if it be less, it will gently de« 
seendn^nd you may have observed the lark, sometimes 
remaining with its wings extended, but motionless: in this 
ftate it drops rapidly into its nest. ; 

CaroHne, What a beautiful efTeefthis is of the law of 
reaction! But if flying is merely a mechanical operation, 
Mrs. B., why should we not construct wings, adapted to the 
uze of our bodies, fasten them to our shoulders, move them 
with our arms, and soar into the air? 

Mrs, B. Such an experiment has been repeatedly at- 

I tempted, but never with success; and it is now considered 
as totally impracticable. The muscular power of birds is 
greater in proportion to their weight than that of man; were 
I we therefore furnished with wings sufiiciently large to en- 
I able us to fly, we should not have strength to put them in 
f motion. 

In swimming, a similar action is produced on the water, 
as that on the air in flying; and also in rowing; you strike 
the water with the oars, in a direction opposite to that in 

5 
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which the boat is required to move, and it is the reaction of 
the water on the oars which drives the boat along^ 

Emily, You said, that it was in elastic bodies only, that 
reaction was equal to action; pray what bodies are elastic 
besides the air? 

Mrs. Si In spyi^king of the air, I think we defined elas- 
ticity to btf ' a property, by means of which bodiea thai are 
compressed returned to their former state.' ) If I bend this 
cane, as soon as I leave it at liberty it reavers its former 
position; if I press my finger upon your arm, as soon aa I 
remove it, the fle8h,'by virtue or its elasticity, rises and de- 
stroys the impression I made. " Of all bodies, the air is the 
most eminent for this property^ and it has thence obtained 
the name of elastic fluid. Hard bodies are in the next de- 
gree elastic; if two ivoiy, or metallic balls are struck toga- 
tiher, the parts at which they touch will be flattened; but 
their elasticity will make them instantaneously resume their 
former shape. 

Caroline, But when two ivory balls strike against tadi 
other, as they constantly do on a billiard table, no mark or 
impression is made by the stroke. 

Mrs, B. I beg your pardon; but you can not pereeivn 
any mark, because their elasticity instantly destroys all 
trace of it. 

Soft bodies, which easily retain impressions, such as clay, . 
wax, tallow, butter, &c. have very little elasticity; but of ^ 
all descriptions of bodies liquids are the least elastic. 

Emily, If sealing-wax were elastic, instead of retaining 
the impression of a seal, it would resume a smooth soiftce 
as soon as the weight of the seal was removed. But pray 
what is it that produces the elasticity of bodies? 

Mrs. B. There is great diversity of opinion upon that 
point, and I can not pretend to decide which approaches 
nearest to the truth. Elasticity implies susceptibility ^ 
compression, and the susceptibility of compression depends 
upon the porosity of bodies* for were there no pores or 
spaces between the particles of matter of which a body is 
composed, it could not be compressed. 

Caroline, That is to say, that if the particles of bodies 
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were as close together as possible, they could sot be 
squeezed closer. 

EmUy. Bodies then, whose particles are most distant 
ftom each other, must be most susceptible of compression, 
and consequentlj most elastic; and this you say is the case 
with air, which is perhaps the least dense of all bodies? 

JIfiv. B. You will not in general find this rule hold good, 
ibr liquids have scarcely any elasticity, whilst hard bodies 
are eminent for this property, though the latter are certain- 
ly of much greater density than the former; elasticity im- 
Clies, therefore, not only a susceptibility of compression, 
ot depends upon the power of resuming its former state 
after compression, 

CarcUne, But surely there can be no pores in ivory 
and metals, Mrs. B ; how then can they be susceptible of 
eompression? 

JUr9. J3. The pores of such bodies are invisible to the 
naked eye, but you must not thence conclude that they 
kave none; it is, on the contrary, well ascertained that gold, 
Ofte-of the most dense of all bodies, is extremely porous, 
and that these pores are sufficiently large to admit water 
when strongly compressed to pass through them. /This was 
shown by a celebrated experiment made many years ago at 
Florence. 

- Emily. If water can pass through gold, there must cer- 
tainly be pores or interstices which afford it a passage; and 
if gold is so porous, what must other bodies be which are 
so much less dense than gold! 

Mrs, B. The chief difference in this respect is, I be- 
lieve, that the pores in some bodies are larger than in others; 
in cork, sponge and bread, they form considerable cavities; 
la wood and stone, when not polished, they are generally 
perceptible to the naked eye; whilst in ivory, metals, and 
all varnished and polished bodies, they can not be discern- 
ed. /To give you an idea of the extreme porosity of bodies^ 
sirmaft^ewton conjectured that if thec^rth were so com- 
pressed as to be absolutely without pores, its djmensions 
night possibly not be more than a cubic inch. 

Caroline. What an idea! Were we not indebted tA ^vv^ 
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Isaac Newton for the theory of attraction, I should be tempt- 
ed to laugh at him for such a supposition. What insignifi- 
cant little creatures we should be! 

Mrs. B. If our consequence arose from the size of our 
bodies, we should indeed be but pigmies, but remember 
that the mind of Newton was not circumscribed by the di- 
mensions of its envelope. 

EmUy. It is, however, fortunate that heat keeps the pores 
of matter open and distended, and prevents the attraction 
of cohesion from squeezing us into a nut-sheU»^ 

Mrs. B. Let us now return to the subje<st of reaction, 
on which we have some further observations to makiT" It 
is reaction, being contrary to action, which produces rgUct* 
id motim, Jf you throw a ball against the wall, it rebounds; 
this return' of the ball is owing to the reaction of the wall 
against which it struck, and is called reflected ntoHonTj 

EmUy. And I now understand why balls filled witn air 
rebouud better than those stuffed with bran or wool, air 
being most susceptible of compression and most elastic, the 
reaction is rnqjee complete. 

Caroline. ■ I have observed that when I throw a ball 
straight againsfthe wall, it returns straight to my hand; bat 
if I throw it obliquely upwards, it rebounds still higher, 
and I catch it when It falls. \ 

Mrs. B. You should not say straight, but perpendica- 
larly against the wall; for straight is a general term for 
lines in all directions which are neither curved nor bent, 
and is therefore equally applicable to oblique or perpendi- 
cular lines. 

Caroline. I thought that perpendicularly meant either 
directly upwards or downwards? 

Mrs. B. In those directions lines are perpendicular to 
the earth. A perpendicular line has always a reference to 
something towards which it is perpendicular; that is to say, 
that it inclines neither to the one side or the other, bnt 
makes an equal angle on every side. Do you understand 
what an angle is? 

Caroline. Yes, I believe so: it is two lines meeting in a 

point. 
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Mrs. B. Well then, let the line A B (plate II. fij. 1.) 
represent the floor of the rooniy and the line C D that in 
which you throw a ball against it; the line C D, you will 
observe, forms two angles with the line A B, and those two 
angles are equal. 

Emily. How can the angles be equal, while the lines 
which compose them are of unequal length? 

JUrs. B. An angle is not measured by the length of the 
lines, but by their opening. 

Emily. 'Tet the longer the lines are, the greater is the 
opening between them. 

Jifrs. B. Take a pair of compasses and draw a circle 
over these angles, nvaking the angular point the centre. 

EmUy. To what extent must I open the compasses? 

Mrs. B. You may draw the circle what size you please, 
provided that it cuts the lines of the angles we are to mea- 
sure. /All circles, of whatever dimensions, are supposed to 
be divided into 360 equal parts, called degrees; the opening 
of an angle, being therefore a portion of a oirele, must con- 
tain a certain number of degrees: the larger the angle the 
greater number of degrees,and the two angles are said to 
be equal when they contain an equal number of degrees. 

Emily. Now I understand it. As the dimensions of an 
angle depend upon the number of degrees contained between 
its tines, it is the opening, and not the length of its lines, 
which determines the size of the angle. 

Mrs. B. Very well: now that you have a clear idea of the 
dimensions of angles, can you tell me how many degrees 
are contained in the two angles formed by one line falling 
perpendicular on another, as in the figure I have just drawn? 

Emily. You must allow me to put one foot of the com- 
passes at the point of the angles, and draw a circle round 
theni, and then I think I shall be able to answer your ques- 
tioni^the two angles are together just equal to half a circle, 
they coalain therefore 90 degrees each; 90 degrees being a 
quarter of 360. 

. Mrs. B. An angle of 90 degrees is called a right an- 
j^e, Bpd when one line is perpendicular to another, it forms, 
yontfee, (fig. 1.) a right angle on either side. M^U% ^^s^^^^ 

6* 
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tainingmore than 90 degrees are called obtuse aDgle8^>(fig* 
34 ^^^ those containing less than 90 degrees are^ called 
acute anglesy(fis. 3.) 

CarolmK The angles of this square table are right an* 
gles, but those of the octagon table are obtuse angles; and 
tte angles of sharp-pointed instruments are acute angles. 

Mrs. B. Very well. . To return now to your observa- 
tion, that if a ball is thrown obliquely against the wall, it 
will not rebound in the same direction; tell me, have you 
ever played at billiards? 

Caroline. Yes, frequently; and I have observed that 
when I push the ball perpendicularly against the cushion, it 
returns in the same direction; but when I send it obliquely 
to the cushion, it rebounds obliquely, but on an opposite 
side; the ball in this latter case describes an angle, the point 
of which is ^t the cushion. I have observed too, that the 
more obliquely the ball is struck against the cushion, the 
more obliquely it rebounds on the opposite side, so that t 
billiard player can calculate with great accuracy in what 
direction it will return. 

Mrs. B. Very well. This figure (fig. 4, plate 11.) re- 
presents a billiard table; now if you draw a line A B from 
the point where the ball -A strikes perpendicular to the cosh- 
ion, you will find that it will divide the angle which the biH 
describes into two parts, or two angles; the one will show 
the obliquity of the direction of the ball in its passage to* 
wards the cushion, the other its obliquity in its passage back 
from the cushion. The first is called the angle ofinddma, 
the other the angle the angle ofnflection^ and these angles 
are always equal. 

Caroline. This then is the reason why, when I throw 
a ball obliquely against the wall, it rebounds in an opposite 
oblique direction, forming equal angles of incidence and of 
reflection. 

Mrs. B. Certainly; and you will find that the more 
obliquely you throw the ball, the more obliquely it will re- 
bound. 

We must now conclude; but I shall have some further ob- 
servations to make upon the laws of motion, at^ournext 
meetiog. 



CONVERSATION IV. 



ON COMPOUND MOTION. 

tOMPOUlro MOTIOH, THE KE8in.T OT TWO OPPOSITE TOBCES.— Or CIBCULAH 

mrnoiTf the besult of two fobcbs, oite op which conpiiteb the 

BODT to a fixed POINT. CENTBE OF MOTIOIT, THE POINT AT BEST 

WHII.E THE OTHEB PABTS OF THE BODY MOTE BOUND IT.— CENTBE OP 
XAaiOTUBE, THE MIDDLE OP A BODY.— OSNTBTPETAL POBCE, THAT 
WHICH CONFINES A BODE TO A FIXED CENTBAL POINT.— CENTBIFUOAL 
tOBCBy THAT WHICH IMPELS A BODT TO FLT EEOM THB CENTBE.— FALL 
OF BODIES IN A PABABOLA. — CSNTBE OF OBAYITTy^THE CENTBE OV 
WXIftHT, OB POINT ABOUT WHICH THE PABTS BALANCE EACH OTHEB. 

MRS. Ba / 

I MysT now explain to you the nature of compound mo- 
tion, t Le^tis suppose a body to be struck bjrtwo equal 
fbrees iinopposite directions, how will it move? 

Emiiy. If the directions of the forces are in exact oppo- 
lition to each other, I suppose the body would not move at 
all 

Mrs. B. You are perfectly right; but if the forces, in« 
stead of acting on the body in opposition, strike it in two 
directions, inclined to each other, at an angle of ninety de- 
mem if the ball A (fig. 5, plate II.) be struck by equal 
mees at X and at Y, will it not move? 

Emily, The force X would send it towards B, and the 
force Y towards C; and since these forces are equal, I do 
DOl know bow the body can obey one impulse rather than 
the other, and yet I think the ball would move, because as 
the two forces do not act in direct opposition, they can not 
ciitiidjr destroy the effect of each other. 
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Mrs. B. Very true; the ball will therefore follow the 
direction of neither of the forces, but will move in a line 
between them, and will reach D in the same space of time, 
that the force X would have sent it to B, and the force Y 
would have sent it to G. Now if jou draw two lines from 
D, to join B and C, you will form a square, and the oblique 
line which the body describes is called the diagonal of th^ 
square. 

Caroline, That is very clear, but supposing the two 
forces to be unequal, that the force X, for instance, be twice 
as great as the force Y? 

JUrs. B. Then the force X would drive the ball twice 
as far as the force Y, consequently you must draw tbe line 
A B (fig. 6.,) twice as long as the line AC, the body will 
in this case move to D; and if you draw lines from that point 
to B and C, you will find that the ball has moved in the 
diagonal of a rectangle. 

Emily, Allow me to put another case? Suppose the two 
forces are unequal, but do not act on the ball in the direc- 
tion of a right angle, but in that of an acute angle, what will- 
result? 

Mrs, B, Prolong the lines in the directions of the two 
forces, and you will soon discover which way the ball will 
be impelled; it will move from A to D, in the diagonal of a 
parallelogram, (fig. 7.) Forces acting in the direction of 
lines forming an obtuse angle, will also produce motion in 
the diagonal of a parallelogram. For instance, if the l>ody 
set out from B, instead of A, and was impelled by the forcef, 
X and Y, it would move in the dotted diagonal B C* 

We may now proceed to circular motions this is the re- 
sult of two forces on a body, by one of which it is projected 
forward in a right line, whilst by the other it is confined to 
a fixed point. For instance, when I whirl this ball, which ir 
fastened to my hand with a string, the ball moves in a cir- 
cular direction; because it is acted on by two forces, that 
which I give it which represents the force of projection, and 
that of the string which confines it to my hand. If during its 
motion you were suddenly to cut the string, the ball would 
fly off in a straight line; being released from confinement to 
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the fixed point, it would be acted on but by one force, and 
motion produced by one force, you know, is always in a 
right line. ^ 

Caroline./ This is a little more difficult to comprehend 
than compound motion in straight lines. 

Mrs. B, You hare seen a mop trundled, and have ob- 
senred, that the threads which compose the head of the mop 
. fly from the centre; but being confined to it atone end, they 
^ can not part from it; whilst the water they contain, being 
UDConfined, is thrown off in straight lines. 

Emily, In the same way, the flyers of a windmill, when 
put in motion by the wind, would be driven straight forwards 
in a right line, were they not confined to a fixed point, round 
which they are compelled to move. 

Mrs, B. Very well. And observe, that the point to which 
the motion of a small body, such as the ball with the string, 
which may be considered as revolving in one plane, is con- 
fined, becomes the centre of its motion j[ But when the bodies 
are not of a size or shape to allow of omrconsidering every 
part of them as moving in the same plane, they in reality re- 
volve roui^d a line, which line is called the axis of motion, 
I In a top,^ for instance, when spinning on its point, the axis is 
the line which passes through the middle of it, perpendicu- 
larly to the floor. 
Caroline. The axle of the flyers of the windmill, is then 
the axis of its motion; but is the centre of motion always in 
the middle of a body? 

^^ Mrs, HT No, not always. The middle point of a body, 
is called t i »*e o gtre of magnitude, or position, that is, the 
centre of its mass or bulk. Bodies have also another centre, 
ealled the centre of gravity, which I shall explain to you; but 
I at present we must confine ourselves to the axis of motion, 
, ^. Tbif line you must observe remains at rest, whilst all the 
^ iilher parts of the body move around it; when you spin a top 
the axis is stationary whilst every other part is in motion 
nmnd it<^ 

Corome. But a top generally has a motion forwards be- 
sides its spinning motion; and then no point within it can 
be at rest? 
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Mrs. B. What I say of the axis of motion, relates onljr 
' to circular motion; that is to saj, motion round a Upe, and • 
not to that which a body may. have at the same thne in any 
other direction. There is one circumstance in eirciihr mo- 
tion, which you must carefully attend to; which is, that the 
further any part of a body is from the axis of motion, the 
greater is its velocity; as you approach that line, the velocity 
of the parts gradually diminish till you reach the axia of mo- 
tion, which is perfectly at rest. 

Caroline. But, if every part of the same body did not 
move with the same velocity', that part which moved quick- 
est, must be separated from the rest of the body, and leave 
it behind? 

Mrs. B. You perplex yourself by confounding the idea 
of circular motion, with that of motion in a right line; jon 
must think only of the motion of a body round a fixed lioei 
and you will find, that if the parts farthest from the centra^ 
had not the greatest velocity, those parts would not be able 
jto keep up with the rest of the body, and would be left be« 
bind. Do not the extremities of the vanes of a windmiU 
move over a much greater space, than the parts nearest the 
axis of motion? (plate III. fig. 1.) The three dotted circles 
describe the paths in which three different parts of the vanes 
move, and though the circles are of different dimensions the 
vanes describe each of them in the same space of time. 

Caroline, Certainly they do; and I now only wonder, 
that we neither of us ever made the observation before: and 
the same effect must take place in a solid body, like the top 
in spinning; the most bulging part of the surface must move 
with the greatest rapidity. 

Mrs. B, The force which confines a body to a centre, 
round which it moves is called the centripetal force; and that 
force, which impels a body to fly from the centre, ia called 
the cerUriJifgdl force; in circular motion these two forces 
constantly balance each other; otherwise the revolving body 
would either approach the centre or recede from it, accord- 
ing as the one or the other prevailed. 

Caroline. When I see any body moving in a circle, I 
shall remember, that it is acted on by two mrces. 
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Mrs. B. Motion, either ia a circle, an ellipsis, or any 
siher curve-line, must be the result of the action of two 
forces; for you know, that the impulse of one single force, 
iiways produces motion in a right line* 

jBmitur^And if any cause should destroy the centripetal 
force, th Wgentp fagal force would alone impel the body, and 
it would I suppose fly off in a straight line from the centre 
to which it had been confined.. ^-^ 

Mrs. B. It would not fly off in a right line from the 
centre; but in a right line in the direction in which it was 
moving, at the instant of its release; if a stone, whirled round 
ia a sling, gets loose at the point A, (plate III. fig. 2.) it 
flies off in the direction A B; this line is called a tangent^ it 
loaches the circumference of the circle, and forms a right 
aiigl^ with a line drawp from that point of the circumference 
to the centre of the circle C, 

EmUy. You say, that motion in a curve-line, is owing 
to two forces acting upon a body; but when I throw this ball 
in a horizontal direction it describes a curve-line in falling; 
and yet it is only acted upon by the force of projection; there 
is no centripetal force to confine it, or produce compound 
motion. 

Mrs. B, A ball thus thrown, is acted upon by no less 
than three forces; the force of projection, which yon com* 
nonicate to it; the resistance of the air through which it 
passes, which diminishes its velocity, without changing its 
Arection; und the force of gravity, which finally brings it to 
the ground. The power of gravity, and the resistance of the 
air, being always greater than any force of projection we can 
give a body, the latter is gradually overcome, and the boAy 
broogbt to the ground; but the stronger the projectile force, 
the longer will these powers be in subduing it, and the fur- 
ther the body will go before^t falls. 

CotoHm. A shot fired from a cannon, for instance, will 
|0 much further, than a stone projected by the hand. 

Jlfrs. Bj' Bodies thus projected, you observe, describe a 
carve-line in their descent; can you account for that? 

C^olme. No; I do not understand, why it should not 
fidl ia the diagonal of a square. 
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Mrs. B. You must consider that the force of projection 
is strongest when the ball is first thrown; this force, at it 
proceeds, being weakened by the continued resistance of the 
air, the stone, therefore, begins by moving in a horizontal 
direction; but as the stronger powers prevail, th« direction 
of the ball will gradually change from a horizontal, to a 
perpendicular line. Projection alone, would drive the ball 
A, to B, (fig. 3.) gravity would bring it to C; therefore, 
when acted on in different directions, by these two forces, 
it moves between, gradually inclining more and more to tbe 
force of gravity, in proportion as this accumulates; instead 
therefore of reaching the ground at D, as you suppose it 
would, it falls somewhere about E. 

Caroline. It is precisely so; look, Emily, as I throw this 
ball directly upwards, bow the resistance of the air and 
gravity conquers projection. Now I will throw it upwards 
obliquely: see, tbe force of projection enables it, for. an in- 
stant, to act in opposition to that of gravity; but it is soon 
brought down again. 

Mrs. B. The curve-line which the ball has described, 
is called in geometry a para6o/a; but when the ball is thrown 
perpendicularly upwards, it will descend perpendicularly; 
because the force of projection, and that of gravity, are in 
the same line of direction. 

We have noticed the centres of magnitude, and of mo- 
tion; but I have not yet explained to you, what is meant bj 
tbe centre of gravity; it is that point in a body, about which 
all the parts exactly balance each other; if therefore that 
point is supported, the body will not fail. Do you understand 
this? 

EniUy. I think so; if the parts round about this point 
have an equal tendency to fall, they will be in equilibrium, 
and as long as this point is supported, the body can not fall. 

Mrs, B. Caroline, what would be the effect, were any 
other point of the body alone supported? 

Caroline. The surrounding parts no longer balancing 
each other, the body, I suppose, would fall on the side at 
which the parts are heaviest. 

Mrs. B. Infallibly; whenever the centre of gravity is 
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unsupported, the body must fall. This sometimes happens 
with an overloaded wagon winding up a steep hill, one 
tide of the road being more elevated than the other; let us 
suppose it to slope as is described in this figure, (plate III. 
fig. 4.) we will say, that the centre of gravity of this loaded 
wagon h at the point A. Now your eye will tell you, that 
a wagon thus situated, will overset; and the reason is, that 
the centre Of gravity A, is not supported; for if you draw a 
perpendicular Tine from it to the ground at C, it does not fall 
under the wagon within the wheels, and is therefore not 
supported by them. 

Caroline. I understand that perfectly; but what is the 
meaning of the other point B? 

Mrs. B. Let us, in imagination take ofi'the upper part 
of the load; the centre of gravity will then change its situa* 
tion, and descend to B, as that will now be the point about 
which the parts of the less heavily laden wagon will balance 
each other. Will the wagon now be upset? 

Caroline, No, because a perpendicular line from that 
point ftlls within the wheels at D, and is supported by them; 
and when the centre of gravity is supported, the body will 
not fall. 

Emily, Yet I should not much like to pass a wagon in 
that situation, for, as you see, the point D is but just with- 
in the left wheel; if the right wheel was merely raised, by 
passing over a ^tone, the point D would be thrown on the 
outside of the left wheel, and the wagon would upset. 

Caroline. A wagon, or any carriage whatever, will then 
be most. firmly supported, when the centre of gravity falls 
exactly -between the wheels; and that is the case in a level 
road. 

Pray, whereabouts is the centre of gravity of the human 
body? • 

Mrs. B. Between the hips; and as long as we stand up- 
right, this point is supported by the feet; if you lean on one 
side, you will find that you no longer stand firm. A rope- 
dancer performs all his feats of agility, by dexterously sup- 
porting his centre of gravity; whenever he finds that he is 
m daoger of losing his balance, be aVviRa 1\\^ V^w^ ^^^^ 

6 
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which he holds in his hands, in order to throw the wei{;fat 
towards the side that is deficient, and thus by changing the 
situation of the centre of gravity, he restores his equiiibriunu 

Carciine. When a stick is poised on the tip of the finger, 
is it not by supporting its centre of gravity? 

Mrs. Bi: Yes; and it is because the centre of gravity is 
not supported, that spherical bodies roll down a siope;'^ A 
dphere being perfectly round, can touch the slope buHSy i 
single point, and that point can not be perpendiculariy un- 
der the centre of gravity, and therefore can not be support* 
ed, as you will perceive by examining this figure, (fig. 6. 
plate III.) 

Ermiy. So it appears; yet I have seen a cylinder of wool 
roll up a slope; how is that contrived? 

JUrs. B. It is done by plugging one side of the cylinder 
with lead, as at B, (fig. 6. plate III.) the body being no 
longer of a uniform density, the centre of gravity is removed 
from the middle of the body to some point in the lead, as 
that substance is much heavier than wood;~now you may 
observe that in order that the cylinder may roll down the 
plane, as it is here situated, the centre of gravity must rise, 
which is impossible; the centre of gravity must always de- 
scend in moving, and will descend by the nearest and rea- 
diest means, which will be by forcing the cylinder up the 
slope, until the centre of gravity is supported, and then it 
stops. 

Carciine. The centre of gravity, therefore, is not always 
in the middle of a body. 

Mrs, B, No, that point we have called the centre of 
magnitude; when the body is of an uniform density the 
centre of gravity is in the same point; but when one part 
of the body is composed of heavier materials than another 
part, the centre of gravity being the centre of the weight of 
the body, can no longer correspond with the centre of mag- 
nitude. Thus you see the centre of gravity of this cylinder 
plugged with lead, can not be in the same spot as the centre 
of magnitude. 

jEmUy, Bodies, therefore, consisting but of one kind of 
wbstaace, as wood, stone, or \e^d) ^uS y)\\q^^ &!t\^%\\.ve.«afc 
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consequently unirorm, must stand more firmly, and be more 
difficult to overset, than bodies composed of a variety of 
substances, of different densities, which may throw the cen- 
tre of gravity on one side. 

Mrs. B, Yes, but thejre is another circumstance which 

more materially affects the firmness of their position, and 

that is their form. Bodies that have a narrow base are ea- 

^ BJiy upset, for if they are the least inclined, their centre is 

no longer supported, as you may perceive in fig. 6. 

Carcline, I have often observed with what difficulty a 
person carri^ a single pail of water; it is owing, I suppose, 
to the centre of gravity being thrown on one side, and the 
opposite arm is stretched out to endeavour to bring it back 
to its original situation; but a pail hanging to each arm is 
carried without difficulty, because they balance each other, 
and the centre of gravity remains supported by the feet. 

Mrs. JB. Very well; Lhave but one more remark to make 
on. the centre of gravity, which is, that when two bodies 
are fastened together by a line, string, chain, or any power 
whatever, they are to foe considered as forming nut one 
body;- if the two bodies be of equal weight, the centre of 
gravity will be in the middle of the line which unites them, 
(fig. 7.) but if one be heavier than the other, the centre of 
gravity will be proportionally nearer the heavy body than 
the light one. (fig. 8.) If you were to carry a rod or pole 
with -an equal weight fastened at each end of it, you would 
hold it in the middle of the rod, in order that the weights 
should balance each other; whilst if it had unequal weights 
at each end you would hold it nearest the greater weight, 
to mak^them balance each other. 

Emiip^J^nd in both cases we should support the centre 
of gravi^; and if one weight be very considerably larger 
.than the other, the centre of gravity will be thrown out of 
the rod into the heaviest Weight (fig. 9.) 

Mn. B. Undoubtedly. 
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ON THE MECHANICAL POWERS* 

OF THE POWXIl OF 31 ACHIKtS.— OP THE LXYXB IK OXNXBAl.— -OF THE LETEB 
OF THE FIB8T KIND, HAVIlffi THE FULCRUM BETWEEN THE POWER ABB 

THE WEIGHT. OF THE LJBTER OF THE SECOND KINO, HAYING THE WEIGHT 

BETWEEN THE POWER AND THE FULCBUM.— OF THE LEVER OF THE THIRD 
KIND, HATING THE POWZB BETWEEN THE FULCRUM AND THB WZIGET. 

MRS. B. 

We may now proceed to examine the mechanical pow- 
ers; they are six in number, one or more of which eDiers 
into the composition of every machine. VThe lever^ the 
pulley^ the wheel and axle^ the inclined planCy tile wedge, and 
the screw. 

In order to understand the power of a machine, there are 
four things to be considered. 1st. The power that acts: 
this consists in the effort of men or horses, of weights, 
springs, steam, &c. 

2dly. The resistance which is to be overcome by the 
power; this is generally a weight to be moved. The power 
must always be superior to the resistance, otherwise the 
machine could not be put in motion. 

Caroline. If for instance the resistance of a carriage was 
greater than the strength of the horses employed to draw it, 
they would not be able to make it move. 

Mrs, B. Sdly. We are to consider the centre of motion, 

or as it is termed in mechanics, the^crum; this you may 

recollect is the point about which all the parts of the body 

move; and lastly, the respective velocities of the power, 

^ftbe resistance. 
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Emily. That must depend upon their respective distances 
iron) tiie-ttxis of motion; as we observed in the motion of 
the vanes of the windmill. 

Mrs. B. We shall now examine the power of the lever. 
T*he lever is an inflexible rod or beam of any kind, that is 
to say, one which will not bend in any direction. For in- 
stance, the steel rod to which these scales are suspended is 
Si. lever, and the point in which it is supported the fulcrum, 
or centre of motion; now, can you tell me why the two 
scales are in equilibrium? 

' CdrMne. Being both empty, and of the same weight, 
ihey balance each other. 

"- , JEmUyl Or, more correctly speaking, because the centre 
or gravity common to both is supported. 

J^rs. B. Very well; and which is the centre of gravity 
of this pair of scales? (fig. 1. plate lY.) 
''' ' -EmUy. You have told us that when two bodies of equal 
"v^eight were fastened together, the centre of gravity was in 
ttie middle of the line that connected them; the centre of 
gravitjr.of the scales must therefore be in the fulcrum F of 
the lever which unites the two scales; and corresponds with 
the centre of motion. 

Caroline. But if the scales contain different weights, the 
Centre of gravity would no longer be in the fulcrum of the 
^^er, but remove towards that scale which contained the 
heaviest weight; and since that point would no longer be 
supported, the heavy scale would descend and out-weigh 
Uie other. 

Mrs. B, True; but tell me, can you imagine any mode 
1>f which bodies of different weights can be made to balance 
tach other, either in a pair of scales, or simply suspended 
m to the extremities of the lever? for the scales are not an es- 
/l leatial part of the machine, they have no mechanical power, 
l^y md are used merely for the convenience of containing the 
sobstance to be weighed. 

Caroline, What! make a light body balance a heavy one? 
I can not conceive that possible. 

Mrs, B. The fulcrum of this pair of scales (fig. 2.) is 
I DQOveable, you see; I can take it off the pto^^ ^?Ck4 (^^V£^*>X 
_J 6* 
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on again in another part; this part ift now become the ful- 
crum, but it is no longer in the centre of the leyer. 

Caroline. And the scales are no longer true; for that 
ivhich hangs on the longest side of the lever descends, . 

Mrs, B, The two parts of the lerer divided by the 
fulcrum are called its arms, you should therefore say the 
longest arm, not the longest side of the lever. These arms 
are likewise frequently distinguished by the appellationi of 
the acting and the resisting part of the lever. 

Your observation is true Uiat the balance is now destroyed; 
but it will answer the purpose of enabling you to compre- 
hend the power of a lever when the fulcrum is not in the 
centre. 

Emily. This would be an excellent contrivance for those 
who cheat in the weight of their goods; by making the ful- 
crum a little on one side, and placing the goods in the scale 
which is suspended to the longest arm of the lever, they 
would appear to weigh more than they do in reali^. 

Mrs. B. You do not consider how easily the fraud would 
be detected; for on the scales being emptied they would not 
hang in equilibrium. 

Emily. True; I did not think of that circumstance. But 
I do not understand why the longest arm of the lever should 
not be in equilibrium with the other? 

Caroline. It is because it is heavier than the shortest 
arm; the centre of gravity, therefore, is no longer supported 

Mrs. B. You are right, the fulcrum is no longer in the 
centre of gravity; but if we can contrive to make the ful- 
crum in its present situation become the centre of gravityi 
the scales will again balance each other; for you recollect 
that the centre of gravity is that point about which eTery 
part of the body is in equilibrium. 

Emily, It has just occurred to me bow this may be ac* 
complished; put a great weight into the scale suspended to 
the shortest arm of the lever, and a smaller one into that 
suspended to the longest arm. Yes, I have discovered it- 
look Mrs. B., the scale on the shortest arm will canySlbs., 
and that on the longest arm only one, to restore the balance. 
(%• 3.) 
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Mm. B. You see, therefore, that it is not so impractica- 
ble .as you ims^ined, to make a heavy body balance a light 
one; and this is in fact the means by which you thought an 
imposition in the weight of goods might be effected, as a 
weight often or twelve ounces might thus be made to ba- 
lance a pound of goods. Let us now take off the scales that 
we may consider the lever simply; and in this state you see 
that the fulcrum is no longer the centre of gravity; but it is, 
and must ever be, the centre of motion, as it is the only 
point which remains at rest, while the other parts move 
about it. 

Caroline. It now resembles the two opposite vanes of a 
windmill, and the fulcrum the point round which they move. 

Mrs. B. In describing the motion of those vanes, you 
may recollect our observing that the farther a body is from 
the axis of motion the greater is its velocity. 

CaroUne. That I remember and understood perfectly. 

Mrs, B. You comprehend then, that the extremity of the 
longest arm of a lever must move with greater velocity than 
that of the shortest arm?^ 

Emily. No doubt, because it is farthest from the centre 
of motion. And pray, Mrs. 6., when my brothers play at 
tet'SaWj is not the plank on which they rode a kind of lever? 

Mrs. B, Certainly; the log of wood which supports it 
from the ground is the fulcrum, and those who ride repre- 
sent the power and the resistance at each end of the lever. 
And have you not observed that when those who ride are of 
equal weight, the plank must be supported in the middle to 
make the two arms equal; whilst if the persons differ in 
weight, the plank must be drawn a little farther over the 
prop, to miake the arms unequal, and the lightest person who 
represents the resistance, must be placed at the extremity 
of the longest arm. 

Caroline. That is always the case when I ride on a plank 
with my youngest brother; I have observed also that the 
lightest person has the best ride, as he moves both further 
and quicker; and I now understand that it is because he is 
more distant from the centre of motion. 

M^. B. The greater velocity w\l\i Yi\\\^\i ^w»\>^J^^ 
brother mores, renders his mom^aXuia tc^*i\ \a ^^>xi^ I 
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Caroline, Yes; I have the most gravity, he the greatest 
Telocity; so that upon the whole our momentums are equal. — 
But you said, Mrs. B., that the power should be greater Uian 
the resistance to put the machine in motion; how then cin 
the plank move if the momentums of the persons who ride 
are equal? 

Mrs, B. Because each person at his descent tovches the 
ground with his feet; the reaction of which gives him an 
impulse which increases his velocity; this spring is requisite 
to destroy the equilibrium of the power and the resistance, 
otherwise the plank would not move. Did you ever obseti^ 
that a lever describ^ the^rc of a circle in its motion ?^x^ 

Emily. No;i it aj^pSars to me to rise and descend per- 
pendicularly; at least I always thought so. 

Mrs, B. I believe I must make a sketch of you and your 
brother riding on a plank, in order to convince you of your 
error, (fig. 4. plate lY.) You may now observe that a lever 
can move only round the fulcrum, since that is the centre of 
motion; it would be impossible for you to rise perpendicu- 
larly to the point A, or for your brother to descend in a 
straight line to the point B; you must in rising and he in 
descending describe arcs of your respective circles. This 
drawing shows you also how much superior his velocity must 
be to yours; for if you could swing quite round, you would 
each complete your respective circles in the same time. 

Caroline. My brother's circle being much the largest, he 
must undoubtedly move the quickest. 

Mrs. B. Now tell me, do you think that your brother 
could raise you as easily without the aid of a lever? 

Caroline. Oh no, he could not lift me off the ground. 

Mrs, B. Then I think you require no further proof of 
the power of a lever, since you see what it enables your 
brother to perform, 

Caroline. I now understand what you meant by saying, 
that in mechanics, motion is opposed to matter, for it is my 
brother's velocity which overcomes my weight. 

Mrs. B. You may easily imagine, what enormous weights 
may be raised by levers of this description, for the longer 
the acting part of the lever in comparison to the resisting 
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part, the greater is the effect produced by it; because the 
greater iCtbe velocity of the power compared to that of the 
weighfc^ 

Theic^are three different kinds of levers; in the jSrst the 
fillfijmm is between the power and the weight. 

Caroline. This kind then comprehends theiseveral levers 
you have described. 

Jtirs, BJ^^^SyViheu in levers of the first kind, the ful- 
cmm is e^vkllj^etween the power and the weight, as in the 
balance, the power must be greater than the weight, in or- 
der to move it; for nothing can in this case be gained by ve- 
locity; fk^lwo arms of the lever being equal, the velocity of 
their^^^emities must be so likewise. The balance is there- 
fore OT no assistance as a mechanical power, but it is ex- 
tremely useful to estimate the respective weights of bodies. 

But when (fig. 5.) the fulcrum F of a lever is not equally 
distant from the power and the weight, and that the power 
P acts at the extremity of the longest arm, it may be less than 
the' weight W, its deficiency being compensated by its supe- 
rior velocity; as we observed in the a^e-saw, 

EniUy. Then when we want to lift a great weight, we 
must fasten it to the shortest arm of a lever, and apply our 
strength to the longest arm? 

Mrs. B. If the case will admit of your putting the end 
of the lever under the weight, no fastening will be required; 
2A you will perceive by stirring the fire. 

EmUy. Oh yes! the poker is a lever of the first kind, 
the point where it rests against the bars of the grate whilst 
I am stirring the fire, is the fulcrum; the short arm or re- 
sisting part of the lever, is employed in lifting the weight, 
which is the coals, and my hand is the power applied to the 
longest arm, or acting part of the lever. 

Mrs. B, Let me hear,, Caroline, whether you can equally 
well explain thi^ instrument, which is composed of two 
levers united in one common fulcrum. 

dmUmt. A pair of scissors! 

JIfty. JB. You are surprised, but if you examine their 
ciQiistruction, you will discover that it is the power of thft 
leVe/ ibat assists us in cutting with sci^&otft. 
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Caroline. Yes; I now perceive that the point at whicli 
the two levers are screwed together, is the fulcrum; the 
handles, to which the power of the fingers is applied, are 
the extremities of the acting part of the levers, and the cut- 
ting part of the scissors, are the resisting parts of the leven:^ 
therefore, the longer the handles and the shorter the points 
of the scissors, the more easily you cut with them. 

Emily > That I have often observed, for when I cut paste- 
board or any hard substance, I always make use of that part 
of the scissors nearest the screw or rivet, and I now under- 
stand why it increases the power of cutting; but I confess 
that I never should have discovered scissors to have been 
double levers; and pray are not snuffers levers of a similar 
description? 

Mrs, B. Yes, and most kinds of pincers; the great power " 
of which consists in the resisting part of the lever being very 
short in comparison with the acting part. 

Carolint. And of what nature are the two other kinds of 
levers? 

Mrs. B. In Iwers of th« Moond kind, the weight, instead 
of being at one end, is situated between the power and the 
fulcrum, (fig. C.) 

Caroline. The weight and the fulcrum have here 
changed places; and what advantage is gained by this kind 
of lever? 

Mrs. B. In moving it, the velocity of the power most j 
necessarily be greater than that of the weight, as it is more 
distant from the centre of the motion. Have you ever Been i 
your brother move a snow-ball by means of a strong stick, ^ 
when it became too heavy for him to move without assistance? i 

Caroline. Oh yes; and this was a lever of the second \ 
order; (fig. 7.) the end of the stick, which he thrusts under : 
the ball, and which rests on the ground, becomes the fnl- ^ 
crum; the ball is the weight to be moved, and the power bif | 
hands, applied to the other end of the lever. In this in- '■ 
stance there is an immense difference in the length of the 
arms of the lever; for the weight is almost close to the ful- 
crum. I 

Mrs. B. And the advantage gained is proportional to ; 
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Ais difference. FishermcD's boats are by levers of this de- 
scription raised from the ground to be launched into the sea, 
by means of slippeiy pieces of board which are thrust under 
the keel. The most common example that we have of le* 
vets of )be necond kind is in the doors of our apartments. 
JSm%.^vrhe binges represent the fulcrum, our hands the 
power applmt 40 Uie other end of the lever; but where is 
the weight to be moved? .^^^ 

JMbrs. B. The door la^e weight, and it consequently 
occupies the whole of the space between the power and the 
fulcrum. Nut crackers are double levers of this kind: the 
huge is the fulcrum, the nut the resistance, and the hands 
the power. 

In levers of the third kind (fig. 8.) the fulcrum is again 
at one of the extremities, the weight or resistance at the 
other, and it is now the power which is applied between 
the fulcrum and the resistance. 

Emiiy. The fulcrum, the weight and the power, then, 
each in their turn, occupy some part of the middle of the le- 
ver between its extremities. But in this'third kind of lever, 
the weight being farther from the centre of motion than the 
pofver, the difficulty of raising it seems increased rather 
than diminished. 

Mrs. B. That is very true; a lever of this kind is there- 
fore nevbr used, unless absolutely necessary, as is the case 
io lifting up a ladder perpendicularly in order to place it 
against a wall; the man who raises it can not place his 
hands on the uf^er part of the ladder, the power, therefore, 
is necessarily placed much nearer the fulcrum than the 
weight. 

Uaroline. Yes, the hands are the power, the ground the 
fidcrum, and the upper part of the ladder the weight. 

•/U^. B. Nature employs this kind of lever in the struc- 
ture of the human frame. In lifting a weight with the hand, 
the lower part of the arm becomes a lever of the third kind; 
the elbow is the fulcrum, the muscles of the fleshy part of 
the arm the power; and as these are nearer to the elbow 
than the hand, it is necessary that their power should ex- 
ceed the weight to be raised. 
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Emily. Is it not surprising that nature should hz\ 
nisbed us with such disadvantageous levers? 

Mrs B. The disadvantage, in respect to power h 
than counterbalanced by the convenience resulting 
this structure of the arm; and it is no doubt that wi 
best adapted to enable it to perform its various functi 

We have dwelt, so long on the lever, that we mu 
serve the examination of the other mechanical powers 
next interview.^ 
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ON THE MECHANICAL POWERS. 

or TO PULLET.— 07 THB WHEEL AND AXLE.— OF THE INCLUTED PLAXE.- 

09 THE WEDGE.— OF THE BCAEW. 

BIRSa B* 

The (pulley. 18 the second mechanical power\we aive to 
«xaminc.>-^Fou both, I suppose, have seen a pulltey? 

Caroline, ^^^s, frequently: it is a circularxCnd flat piece 
^ wood orDA^kJt^ith a string which runs in a groove round 
it; by means of which, a weight may be pulled up; thus 
pollies are used for drawing up curtains. > 

Mrs. B. Yes; but in that instance the pullies are fixed, 
Bod do not increase the power to raise the vy^ghts, as you 
will perceive by this figure, (plate V. fig. l.j^-Ojj^serve that 
the fixed pulley is on the same principal as (Ke lever of a 
pair of scales, in which the fulcrum F being in the centre 
of gravity, the power P and the weight W, are equally dis- 
tant from it, and no advantage is gained, ^' 

Emily. Certainly; if P represents the power employed 
to raise the weight W, the power must be greater than the 
weight in order to move it. But of what use then are pul« 
lies in mechanics? 

Mrs, B. The next figure represents a pully which is not 
fixed, (fig. 2.) and thus situated you will perceive that it 
afibrdfl us mechanical assistance, lu oxd^tt V^ \m^ "^^ 
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weight W, one inch, P, the power, must draw the strings 
B and C,one inch each; the whole string is therefore short- 
ened two inches, while the weight is raised only one. 

Emily. That I understand: if P drew the string but one 
inch, the weight would be raised only half an inch, because 
it would shorten the strings B and C half an inch each, and 
coasequently the pulley with the weight attached to it, can 
be raised only half an inch. 

Caroline, I am ashamed of my stupidity; but I confess 
that I do not understand this; it appears to me that the 
weight would be raised as much as the string is shortened 
by the power. 

Mrs. B, I will endeavour to explain it more clearly, I 
fasten this string to a chair and draw it towards me; I have 
now shortened the string, by the act of drawing it, one yard. 

Caroline, And the chair, as I suppose, has advanced 
one yard, 

Mrs, B, This exemplifies the nature of a single fix^ 
pulley only. Now unfasten the string, and replace the 
chair where it stood before. In order to represent the n(K>ve- 
able pulley, we must draw the chair forwards by putting 
the string round it; one end of the string may be fastened to 
the leg of the table, and I shall draw the chair by the other 
end of the string. I have again shortened the string one 
vard; how much has the chair advanced? 

Caroline, I now understand it; the chair represents the 
weight to which the moveable pulley is attached; and it is 
very clear that the weight can be drawn only half the length 
you draw the string, f believe the circumstance that per- 
plexed me was, that I did not observe the difference that 
results from the weight being attached to the pulley, instead 
of being fastened to the string, as is the case in the fiXied 
pulley. 

Emily, But I do not yet understand the advantage of 
puliifcs; they seem to me to increase rather than diminish 
the difficulty of raising weights, since you must draw the 
string double the length that you raise the weight; whilst 
with a single pulley, or without an\ pulley, the weight is 
raised as much as the string is shortened. 
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Mrs, B, il^ advaDtage of a moveable pulley consists 
Id dividiug tli«-^tfficulty; we must draw, it is true, twice 
the length of the string, but then only half the strength is 
required that would be necessary to raise the weight with- 
out the assistance of a moveable pulley.^ ->>^^ 

Emily. So that the difficulty is o¥ercome hi^the same 
manner as it would be, by dividing the weight into two 
equal parts, and raising them successively. 

Mrs. B, Exactly. You must observe, that with a move* 
able pulley the velocity of the power is double that of the 
weight, since the power P (fig. 2.) moves two inches whilst 
the weight W moves one inch; therefore the power need 
Rot be more than half the weight to make their momentums 
equal. 

Caroline. Pulleys act then on the same principle as the 
Ie?er, the deficiency of strength of the power being com- 
poDsated by its superior velocity. 

Mrs. B. You will find, that all mechanical power is 
founded on the same principle. 

Eimily, But may it not be objected to pulleys, that a 
longer time is required to raise a weight by their aid than 
witbeut it; for what you gain in power you lose in time.^ 

Mrs, B, That, my dear, is the fundamental law in me- 
chanics: it is the case with the lever as well as the pulley; 
and you will find it to be so with all the other mechanical 
powers. • 

Caroline. I do not see any advantage in the mechani- 
cal powers then, if what we gain by them one way is lost 
Mother. 

Mi^. B. Since we are not able to increase our natural 
strength, is not that science of wonderful utility, by means 
of which we may reduce the resistance or weight of any 
body to the level of our strength? This the mechanical 
powers enable us to accomplish, by dividing the resistance 
of a body into parts which we can successively overcome. 
It is true, as you ol)serve, that it requires a sacrifice of time 
to attain this end, but you must be sensible how very ad- 
vantageously it is exchanged for power: the utmost exertion 
we can make adds but little to our natural strength, whilst 
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we have a much more unlimited command of time. You 
can now understand, that the greater the number of pulleyt 
connected by a string, the more easily the weight is raised, 
as the difficulty is divided amongst the number of strings, 
or rather of parts into which the string is divided by the 
pulleys. Several pulleys thus connected, form what is called 
a system, or tackle of pulleys, (fig. S.) You may have seen 
them suspended from cranes to raise goods into warehouses, 
and in ships to draw up the sails. 

Emily. But since a fixed pulley affords us no mechanical 
aid, why is it ever used? 

Mrs. B, Though it does not increase our power, it is 
frequently useful for altering its direction. A single pulley 
enables us to draw up a curtain, by drawing down the string 
connected with it; and we should be much at a loss to ac- 
con)pIish this simple operation without its assistance. 

Caroline, There would certainly be some difficulty in 
ascending to the head of the curtain, in order to draw it up. 
Indeed, I now recollect having seen workmen raise small 
weights by this means, which seemed to answer a very use- 
ful purpose. 

Mrs. B. In shipping, both the advantages of an increase 
of power and a change of direction, by means of pulleys, 
are united: for the sails are raised up the masts by the sailors 
on deck, from the change of direction which the pulley ef- 
fects, and the labour is facilitated by the mechanical power ^ 
of a combination of pulleys. j 

Emily, But the pulleys on ship-board do not appear to 
me to be united in the manner you have shown us. « 

Mrs, B, They are, I believe, generally connected as | 
described in figure 4, both for nautical, and a variety of 
other purposes; but in whatever manner pulleys are con- 
nected by a single string, the mechanical power is the same. 

The third mechanical power is the wheel and axky Let' 
us suppose (plate VI. fig. 5.) the weight W. to bj^jHttadfict.. 
of water in a well, which we raise by winding tbe rope, to 
which it is attached, round the axle; if this be done without 
a wheel to turn the axle, no mechanical assistance is re* 
ceived. The axle without a wheel is as impotent as a single 
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fixed pulley, or a lever^ whose fulcram is in the centre: but 
add the wheel to the axle, and you will immediately find 
the backet is raised with much less difficulty. The velocity 
of the circumference of the wheel is as much greater than 
that of the axle, as it is further from the centre of motion; 
for the wheel describes a great circle in the same space of 
lime that the axle describes a small one, therefore the power 
is increased in the same proportion as the circumference of 
the wheel is greater than that of the axle. If the velocity of 
the wheel is twelve times greater than that of the axle, a 
power nearly twelve times less than the weight of the backet 
would be able to raise it. 

EntUy, The axle acts the part of the shorter arm of the 
lever, the wheel that of the longer arm. 

Caroline. In raising water, there is commonly, I believe, 
instead of a wheel attached to the axle, only a crooked 
handle, which answers the purpose of winding the rope round 
the axle, and thus raising the bucket. 

Mrs. B. In this manner (fig. G.;) now if you observe the 
dotted circle which the handle describes in winding up the 
rope, you will perceive that the branch of the handle A, 
which is united to the s^xle, represents the spoke of a wheel, 
and. answers the purpose of an entire wheel; the other branch 
B affords no mechanical aid, merely serving as a handle to 
turn the wheel. 

Wheels are a very essential part of most machines: they 
are employed in various ways; but, when fixed to the axle, 
their mechanical power is always the same: that is, as the 
circumference of the wheel exceeds that of the axle, so 
much will the energy of the power be increased. 

Caroline, Then the larger the wheel the greater must 
be its efiect? 

Mrs. B. Certainly. If you have ever seen any considera- 
ble mills or manufactures, you must have admired the im- 
mense wheel, the revolution of which puts the whole of the 
machinery into motion; and though so great an efi*ect is pro- 
duced by it, a horse or two has sufficient power to turn it; 
sometimes a stream of water is used for that purpose^ but of 
late years, a steam-engine has beeu Iqmvi^ X^^")^ ^^xs^^^ 

1^ 
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powerful and the most convenient mode of tarniog the 

wheel. 

. Caroline. Do not the vanes *of a windmill represent a 

wheel, Mrs, B.? 

Mrs. B. Yes; and in this instance we have the advan- 
tage of a gratuitous force, the wind, to turn the wheel. One 
of the great benefits resulting from the use of machinery is, 
that it gives us a sort of empire over the powers of nature, 
and enables us to make them perform the labour which 
would otherwise fall to the lot of man. When a current of 
wind, a stream of water, or the expansive force of stream, 
performs our task, we have only to superintend and regulate 
their operations. 

The fourth mechanical power is the inclined plane; this 
is nothing more than a slope, or declivity, frequently used to 
facilitate the drawing up of weights,> k is not difficult to 
understand, that a weight may much QBore easily be drawn 
up a slope than it can be raised the same height perpendicu- 
larly. But in this, as well as the other mechanical powers, 
the facility is purchased by a loss of time (fig* 7.;) for the 
weight, instead of moving directly from A to C, must move 
from B to C, and as the length of the plane is to its height, 
so much is the resistance of the weight diminished. ^ 

Emily, Yes; for the resistance, instead of being-ttJinfined 
to the short line A C, is spread over the long line B C. 

Mrs, B, The wedge, which is the next mechanical 
power, is composed of two inclined planes (fig. 8.:) you may 
have seen wood-cutters use it to cleave wood. The resistance 
consists in the cohesive attraction of the wood, or any other 
body which the wedge is employed to separate; and the ad- 
vantage gained by this power is in the proportion of half its 
width to its length; for while the wedge forces asunder the 
coherent particles of the wood to A and B, it penetrates 
downwards as far as C. 

Emily. The wedge, then, is rather a compound than a 
distinct mechanical power, since it is composed of two in- 
clined planes. 

Mrs, B. It is so. All cutting instruments are constructed 
upon the principle of the inclined plane, or the wedge: those 
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that have but one edse sloped, like the chisel, may be re- 
ferred to the inclined plane; whilst the axe, the hatchet, 
and the knife (when used to split asunder) are used as 
wedges. 

Ccn'dine, But a knife cuts best when it is drawn across 
the substance it is to divide. We use it thus in cutting meat, 
we do not chop it to pieces. 

Mrs, B. The reason of this is, that the edge of a knife 
is really a very fine saw^ and therefore acts best when used 
likfi that inetrament. 

"The screw, which is the last mechanical power, is more 
complicated than the others. You will see by this figure, 
(fig. 9.^ that it is composed of two parts, the screw and the 
nut The screw S is a cylinder, with a spiral protuberance 
coiled round it, called the thread; the nut N is perforated 
to contain the screw, and the inside of the nut has a^piral 
groove made to fit the spiral thread of the screw. 

Caroline. It is just like this little box, the lid of which 
screws on the box as you have described; but what is this 
handle which projects from the nut? 

Mrs. B. It is a lever, which is attached to the nut, with- 
out which the screw is never used as a mechanical power: 
the nut with a lever L attached to it, is commonly called a 
winch. The power of the screw, complicated as it appears, 
is referable to one of the most simple oi the mechanical 
powers; which of them do you think it is? 

CarHlvM. In appearance, it most resembles the wheel 
and axle. 

Mrs. Bj The lever, it is true, has the effect of a wheel, 
as it is the means by which you wind the nut round; but the 
lever is not considered as composing a part of the screw, 
though it is true, that it is necessarily attached to it. But 
observe, that the lever, considered as a wheel, is not fast- 
ened to the axle or screw, but moves round it, and in so 
doing, the nut either rises or descends, according to the way 
in which you turn it. » 

Emily. The spiral thread of the screw resembles, I 
think, an inclined plane: it is a sort of slope^ b^ \s^^^\x^ ^^ 
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which the nut ascends more easily than it would do if raised 
perpendicularly; and it serves to support it when at rest. 

Mrs, B. Very well: if you cut a slip of paper in the 
form of an inclined plane, and wind it round your pencil, 
which will represent the cylinder, you will find that it makes 
a spiral line, corresponding to the spiral protuberance of the 
screw, (fig. 10.) 

Emily. Very true; the nut then ascends an inclined plane, 
but ascends it in a spiral, instead of a straight line: the closer 
the thread of the screw, the more easy the ascent; it is like 
having shallow, instead of steep steps to ascend. 

Mrs. B, Yes; excepting that the nut takes no steps, it 
gradually winds up or down; then observe, that the closer 
the threads of the screw, the greater the number of revoln- | 
tions the winch must make; so that we return to the old j 
principle, — what is saved in power is lost in time. \ 

Emily. Can not the power of the screw be increased 
also, by lengthening the lever attached to the nut? 

Mrs, B. Certainly. The screw, with the addition of 
the lever, forms a very powerful machine, eitiployed either 
for compression or to raise heavy weights. It is used by 
book-binders, to press the leaves of books together; it ii 
used also in cyder and wine presses, in coining, and for I 
variety of other purposes. 

All machines are composed of one or more of these sil 
mechanical powers we have examined; I have but one more 
remark to make to you relative to them, which is, that fric« i 
tion in a considerable degree diminishes their force, allow- I 
nnce must therefore always be made for it, in the construe- f 
tion of machinery. 

Caroline. By friction, do you mean one part of the ma- 
chine rubbing against another part contiguous to it? 

Mrs, B. Yes; friction is the resistance which bodies 
meet with in rubbing against each other; there is no such * 
thing as perfect smoothness or evenness in nature; polished 
metals, though they wear that appearance more than any 
other bodies, are far from really possessing it; and their in- 
equalities may frequently be perceived through a good mag- 
jjj'fving glass. When, therefore, the surfaces of the two 
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bodies come in contact, the prominent parts of the one will 
often fall into the hollow parts of the other, and occasion 
more or less resistance to motion. 

Caroline. But if a machine is made of polished metal, as 
a watch for instance, the friction must be very trifling? 

Mrs. B. In proportion as the surfaces of bodies are well 
polished, the friction is doubtless diminished; but it is al- 
ways considerable, and it is usually computed to destroy 
one third of the power of a machine. Oil or grease is used 
to lessen friction: it acts as a polish by filling up the cavi- 
ties of the rubbing surfaces, and thus making them slide 
more easily over each other. 

Caroline. Is it for this reason that wheels are greased, 
and the locks and hinges of doors oiled? 

Mrs* B. Yes; in these instances the contact of the rub- 
bing sarfaces is so close, and the rubbing so continual, that 
notwithstanding their being polished and oiled, a consider- 
able degree of friction is produced. 

There are two kinds of friction; the one occasioned by 
the sliding of the flat surface of a body, the other by the 
rolling of a circular body; the friction resulting from the 
first is much the most considerable, for great force is re- 
quired to enable the sliding body to overcome the resistance 
which the asperities of the surfaces in contact oppose to its 
^ motion, and it must be either lifted over, or break through 
them; whilst, in the other kind of friction, the rough parts 
roll over each other with comparative facility; hence it is, 
■ that wheels are often used for the sole purpose of diminish- 
ing the resistance of friction. 

EmUy. This is one of the advantages of carriage-wheels, 
is it not? 

Mrs^ B, Yes; and the larger the circumference of the 
wheel the more readily it can overcome any considerable 
obstacles, such as stones, or inequalities in the road. When, 
in descending a steep hill, we fasten one of the wheels, 
we decrease the velocity of the carriage, by increasing the 
friction. 

Caroline. That is to say, by converting the rolling fric- 
tion into the dragging friction. And when you hadcasteca 
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put to the legs of the table, in order to move it more easily, 
}?ou changed the dragging into the rolling friction. 

JMrsi B. There is another circunnstance which we have 
already noticed, as dinninishing the motion of bodies, and 
which greatly affects the power of machines. This is the 
resistance of the medium, in which a machine is worked. 
All fluids, whether of the nature of air or of water, are 
called mediums; and their resistance is proportioned to their 
density; for the more matter a body contains, the greater 
the resistance it will oppose to the motion of another body 
striking against it. 

EmUy. It would then be much more difficult to wojdi a 
machine under water than in the air? 

Mrs. iB. /Certainly, if a machine eould be worked in 
vacuo, and Kithoxit friction, it would be perfect; but this is 
unattainable ; a considerable reduction of power must there- 
fore be allowed for the resistance of the air. _ 

We shall here conclude our observations 011 the mecban- 
ical powers. At our next meeting I shall endeavour to give 
you an explanation of the motion of the heavenly bodies. 



CONYERSATION VI. 



CAUSES OP THE EARTH'S ANNUAL MOTION. 

W THft FLAKET9 A^TO THEIR MOTION. — OF THB DIUR^TAL MOTION OP THE 

EARTH AND PLANETS. 

CAROLINE. 

t AM come to you to-day quite elated with the spirit of 
mosition, Mrs. B.; for I have discovered such a powerful 
objection to your theory of attraction, that I doubt whether 
tYeii your conjuror Newton, with his magic wand of attrac- 
tion, will be able to dispel it. 

Mrs, B, Well, my dear, pray what is this weighty ob- 
jection ? 

Caroline* You say t^at bodies attract in proportion to 
(he quantity of matter they contain; now we all know the 
nn to be much larger than the earth: why, therefore, does 
it not attract the earth; you will not, I suppose, pretend to 
say that we are falling towards the sun? 

Emily. However plausible your objection appears, Car- 
oline, I think you place too much reliance upon it: when 
my one has given such convincing proofs of sagacity and 
irisdom as Sir Isaac Newton, when we find that his opin- 
ions are universally received and adopted, is it to be ex- 
pected that any objection we can advance should overturn 
iiem? 

Caroline. Yet I confess that I am not inclined to yield 
mplicit faith even to opinions of the great Newton: foe 
ivhat purpose are wc endowed with teasoti, \? vi^ ^\^ ^^^ 
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nied the privilege of making use of it, by judging for our- 
selves. 

Mrs. B, It is reason itself which teaches us, that whea 
we, novices in science, start objections to theories establish- 
ed bj men of knowledge and wisdom, we should be diffi- J 
dent rather of our own than of their opinion. I am far fron | 
wishing to lay the least restraint on your questions; you can 
not be better convinced of the truth of a system, than by find- 
ing that it resists all your attacks, but I would advise yoq 
not to advance your objections with so much confidence^ 
in order that the discovery of their fallacy may be attend- 
ed with less mortification. \ In answer to that you have just 
proposed, I can only say, tEat the earth really is attracted 
by the sun. 

Caroline. Take care at least that we are not consumed 
by him, Mrs. B. 

Mrs. B. We are in no danger; but our magician, New-;! 
ton, as you are pleased to call him, can not extricate him- 
sell from this difficulty without the aid of some cabalistical 
figures, which I must draw for him. 

Let us suppose the earth, at its creation, to have beeD.j 
projected forwards into universal space: we know that if 
no obstacle impeded its course it would proceed io the same 
direction, and with a uniform velocity forever.^ >( In fig. 1. 
plate VI, A represents the earth, and S the sun." l^Ve shall 
suppose the earth to be arrived at the point in which it i 
represented in the figure, having a velocity which would* 
carry it on to B in the space of one month; whilst the sun's 
attraction would bring it to C in the same space of time* 
Observe that the two fprces of projection and attraction do 
not act in opposition, but perpendicularly, or at a right an* 
gle to each other. Can you tell me now, how the earth 
will move? 

Emily, I recollect your teaching us that a body acted 
upon by two forces perpendicular to each other, would move 
in the diagonal of a parallelogram; if, therefore, I complete 
the parallelogram by drawing the lines C D, B D, the earth 
will move in the diagonal A D. 

Mrs. B, A ball struck by two forces acting perpendicu- . 
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arly to each other, it is true, moves in the diagonal of a 
Murallelogram; but jou must observe that the force of at- 
faction is continually acting upon our terrestrial ball, and 
producing an incessant deviation from its course in a right 
line, which converts it into that of a curve-line; every point 
3f which may be considered as constituting the diagonal of 
an infinitely small parallelogram. 

Let us detain the earth a moment at the point D, and 
consider how it will be affected by the combined action of 
the two forces in its new situation. It still retains its ten- 
dency to fly off in a straight line; but a straight line would 
now carry it away to F, whilst the sun would attract it in 
the direction D S; how then will it proceed? 

Emihi.' Jt, will go on in a curve-line, in a direction be- 
tween tb^ of the two forces. . / 

Mrs, B. In order to know exactly what course the earth 

will follow, draw another parallelogram similar to the first, 

in which the line D F describes the force of projection, and 

I the line D S that of attraction; and you will find that the 

earth will proceed in the curve-line D 6. 

Caroline, You must now allow me to draw a parallel- 
ogram, Mrs. B. Let me consider in what direction will 
the force of projection now impel the earth. 

Mrs, B. First draw a line from the earth to the sun 
representing the force of attraction; then describe the force 
of projection at a right angle to it. 

Caroline. The earth will then move in the curve G I, 
of the parallelogram G H I K. 

Mrs, B, You recollect that a body acted upon by two 
forces, moves through a diagonal in the same time that it 
wonld have moved through one of the sides of the parallel- 
ogram, were it acted upon by one force only. - The earth 
has passed through the diagonals of these three parallelo- 
grams in the space of three months, and has performed one 
quarter of a circle; and on the same principle it will go on 
till it has completed the whole of the circle. It will then 
recommence a course, which it has pursued ever since it 
first issued from the hand of its Creator, and which there 

8 
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is every reason to suppose it will continue to follow, asloag 
as it remains in existence. 

Emily. What a grand and beautiful effect resulting from 
80 simple a cause! 

Caroline. It affords an example, on a magnificent sealc, 
of the circular motion which you taught us in mechanici, 
' The attraction o( the sun is the centripetal force, which 
confines the earth to a centr^ahd the impulse of projectioa 
the centrifugal force, which impels the earth to quit tfie ran 
and fiy off in a tangent, t 

Mrs, B. Exactly so. A simple mode of illustrating the 
effect of these combined forces on the earth, is to xut a slip 
of card in the form of a right angle, -(fig. 2. plate VI.) to 
describe a small circle at the angular point representing the 
earth, and to fasten the extremity of one of the legs of the 
angle to a fixed point, which we shall consider as the son. 
Thus situated, the angle will represent both the centrifugal 
and centripetal forces; and if you draw it round the fim 
point, you will see how the direction of the centrifugal force 
varies, constantly forming a tangent to the circle in which 
the earth moves, as it is constantly at a right angle with the 
centripetal force. 

Emily. The earth then, gravitates towards the sun with- 
out the slightest danger either of approaching nearer or re- 
ceding further from it. How admirably this is contrived! 
If the two forces which produce this circular motion had 
not been so accurately adjusted, one would ultimately have 
prevailed over the other, and we should either have ap« 
proached so near the sun as to have been burnt, or have 
receded so far from it as to have been frozen. 

Mrs, B^ What will you say, my dear, when I tell yoOi 
that these two forces are not, in fact, so proportioned as to 
produce circular motion in the earth? 

Caroline, You must explain to us, at least, in what jnea- 
ner we avoid the threatened destruction. . 

Mrs. B, Let us suppose that when the earth is at A, 
(fig. S.) its projectile force should not have given it a ve- 
locity sufficient to counterbalance that of gravity, so as to 
enable these powers conjointly to carry it round the sun ia 
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m ciircle; the earth, instead of describing the line A C, as 
in the former figure, will approach nearer the sun in the 
line A B. 

Carcline. Under these circumstances, I see not what is 
to prevent oiir approaching nearer and nearer the sun till 
we fall into it: for its attraction increases as we advance 

r 

towHrds it, and produces an accelerated velocity in the 
^arth« which increases the danger. 

JUb. B. And there is yet another danger, of which you 
ai)e not aware. Observe, that as the earth approaches the 
nin,ther direction of its projectile force is no longer perpen- 
diisular to that of attraction, but inclines more nearly to it. 
When the earth reaches that part of its orbit at B, the force 
bf projection would carry it to D, which brings it nearer 
the sun instead of bearing it away from it. 

EfiiUy. If, then, we are driven by one power and drawn 

by the other to this centre of destruction, how is it possible 

fw us to escape? 

^ ' Mn. B. A little patience, and you will find that we are 

f |Mlt without resource. The earth continues approaching the 

[ iliD'witb a uniformly increasing accelerated motion, till it 

reaches the point E; in what direction will the projectile 

force now impel it? 

Emily. In the direction E F. Here then the two forces 
^ act perpendicularly to each other, and ^e earth is situated 
\f jort as it was in the preceding figureptberefore, from this 
.poiot, it should revolve round the sun in a circle. 
■'■■' iMrs* B.^ No, all the circumstances do not agree. In mo- 
'ftm round a centre, you recollect that the centrifugal force 
increases with the velocity of the body, or in other words, 
' the quicker it moves the stronger is its tendency to fly off 
' ID a fight line. When the earth, therefore, arrives at E, 
i lit accelerated motion will have so far increased its veloci- 
I ^. and consequently its centrifugal force, that the latter 
unit prevail over the force of attractiou, and drag the earth 
Mm from the sun till it reaches 6. 

CAiroKfie. It is. thus then that we escape from the dan* 
jKroua vicinity of the sun; and in proportion as we recede 
WMB it, the force of its attraction, and, consec^ueutly^ thft 
Telocity of the eartbls motion, are d\m\u\!^\itdL« 
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Mrs. B. Yes. From 6 the direction of projeetiOD is 
towards H, that of attraction towards S, and the earth pnK 
ceeds between them with a uniformly retarded motion, till 
it has completed its revolution* -\Thus you see that the 
earth travels round the sun, not in a circle but an ellipsid^ 
of which the sun occupies one of ihefoHi^nd that in iu 
course the earth alternately approaches and recedes fr6m 
it, without any danger of being either swallowed up, or be- ™ 
ing entirely carried away from it. 

Caroline. And I observe, that what I apprehended to be 
a dangerous irregularity, is the means by which the moit 
perfect order nnd harmony are produced. 

Emily. The earth travels then at a very unequial rate, 
its velocity being accelerated as it approaches the sun, and 
retarded as it recedes from it. 

Mrs. B. It is mathematically demonstrable, that, in 
moving round a point towards which it is attracted, a bodj. 
passes over equal areas fn equal times. The whole of the 
space contained within the earth's orbit, is in fig. 4, divijci 
into a number of areas or spaces, 1, ^, 3, 4, &c. ail of wfaiifljk^ 
are of equal dimensions, though of very different ibrorit 
some of them, you see, are long and narrow, others broal 
and short: but they each of them contain an equal quantitj 
of space. An imaginary line drawn from the centre of the 
earth to that of the sun, and keeping pace with the earth ill 
its revolution, passes over equal areas in equal times; that 
is to say, if it is a month going from A to B, it will be t 
month going from B to C, and another from C to E, and 
so on. 

Caroline. What long journeys the earth has to perfomi 
in the course of a month, in one part of her orbit, and how 
short they are in the other part! 

Mrs. B. The inequality is not so considerable as ap- 
pears in this figure; for the earth's orbit is not so eccentric 
as it is there described; and in reality, differs but little from 
a circle: that part of the earth's orbit nearest the sun is eall* 
ed Ms perihelion^ that part most distant from the son its 
op/ie/ion; and the earth is above three millions of miles 
nearer the sun at its perihelion than at its apheIionr>^ 
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EmSy* I think I can trace a consequence from these dif- 
ferent situatiods of the earth; is it not the cause of summer 
and winter? 

Mrs, B. On the contrary, during the height of summer, 
, the earth is in that part of its orbit which is most distant 
fiom tl^ sun, and it is during the severity of winter, that it 
approaches nearest to it. 

EmUy. That is very extraordinary; and how then do 
you account for the heat being greatest, when we are most 
distant from the sun? 

Mrs, B, The difference of the earth's distance from the 
sun in summer and winter, when compared with its total 
distance from the sun, is but inconsiderable. The earth, it 
is true, is above three millions of miles nearer the sun in 
vrinter than in summer; but that distance, however great it 
at first appears, sinks into insignificance in comparison with 
95 millions of miles, which is our mean distance from the 
son. The change of temperature, arising from this difference, 
would scarcely be sensible, were it not completely over- 
powered by other causes which produce the variations of 
the seasons; but these I shall defer explaining, till we have 
made some further observations on the heavenly bodies. 

Coroltfie. And should not the sun appear smaller in 
summer, when it is so much further from us? 

Mn^B. It actually does, when accurately measured; 
bat the apparent difference in size, is, I believe,, not percep- 
tible to the naked eye. 

Emily. Then, since the earth moves with greatest velo- 
city in that part of its orbit nearest the sun, it must have 
completed its journey through one half of its orbit in a short- 
er time than the other half? 

Mrs, B. Yes, it is about seven days longer performing 
the summer-half pf its orbit than the winter-half. 

The revolution of all the planets round the sun is the re- 
snU-of the same causes, and is performed in the same man- 
ner as that of the earth. 

Caroline. Pray what are the planets? 

Mrs. J3. They are those celestial bodies, which revolve 
like our earth about the sun; they are supposed to reaembU 

8* 
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the earth also in many other respects; and we are led Iby 
analogy to suppose them to be inhabited worlds. 

Caroline. I have heard so, but do you not think such 
an opinion too great a stretch of the imagination? 

Mrs. B. Some of the planets are prored to be larger 
than the earth; it is only their immense distance from US| 
which renders their apparent dimensions so small. NoW) 
if we consider them as enormous globes, instead of small 
twinkling spots, we shall be led to suppose that the Almighty 
would not have created them merely for the purpose of 
giving us a little light in the night, as it was formerly ima- 
gined, and we should find it more consistent with our ideas 
of the Divine wisdom and beneficence to suppose that these 
celestial bodies, should be created for the habitation of be- 
ings, who are, like us, blessed by his providence. Both in 
a moral as well as a physical point of view, it appears to me 
more rational to consider the planets as worlds revolving 
round the sun; and the fixed stars as other suns, each of 
them attended by their respective system of planets, to which 
they impart their influence. We have brought our tele- 
scopes to such a degree of perfection, that from the appear- 
ances which the moon exhibits when seen through them, 
we have very good reason to conclude that it is a habitable 
globe, for though it is true tbat we can not discern its towns 
and people, we can plainly perceive its mountains and val- 
leys; and some astronomers have gone so far as to imagine 
they discovered volcanos. 

Emily. If the fixed stars are suns, with planets revolv- 
ing round them, why should we not see those planets as well 
as their suns? 

Mrs, B. In the first place, we conclude that the planets 
of other systems (like those of our own) are much smaller 
than the suns which give them light; therefore at so great 
a distance as to make the suns appear like fixed stars, the 
planets would be quite invisible. Secondly, the light of the 
planets being only reflected light, is much more feeble than 
that of the fixed stars. There is exactly the same differ- 
ence as between the light of the sun and tbat of the moon; 
the jSrst being a fixed star, the s^coud ^i^V^wtX. 
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Emily. But if the planets are worlds like our earth, they 
dark bodies; and instead of shining by night, we should 
fee them only by day*light. And why do we not see the 
filed stars also by day-light? 

Mrs. jB. \J3oth for the same reason; their light is so 
fiont, cod^faBedlo that of our sun reflected by the atmos- 
|riiere, that it is entirely effaced by itcjthe light emitted by 
the fixed stars may probably be as strong^s that of our sun, 
at an equal distance; but being so much more remote, it is 
dtffiised over a greater space, and is consequently propor- 
tiooally weakened. 

Caroltne. True; I can see much better by the light of 
a candle that is near me, than by that of one at a great dis- 
tance. But I do not understand what makes the planets 
diine? 

J\fn. B. What is that which makes the steel buttons on 
your brother's coat shine? 

Caroline, The sun. But if it was the sun which made 
the planets shine, we should see them in the day-time, when 
the sun shone upon them; or if the faintness of their light 
prevented our seeing them in the day, we should not see 
them at all, for the sun can not shine upon them in the night. 
Mrs, B. There you are in error. But in order to ex« 
plain this to you, I must first make you acquainted with the 
rarious motions of the planets. 

You know, that according to the laws of attraction, the 
planets belonging to our system all gravitate towards the 
sun; and that this force, combined with that of projection, 
will occasion their revolution round the sun, in orbits more 
or less elliptical, according to the proportion which these 
two forces bear to each other. 

But the planets have also another motion: they revolve 
upon their axis. The axis of a planet is an imaginary line 
which passes through its centre, and on which it turns; and 
it is this motion which produces day and night. With that 
side of the planet facing the sun it is day; and with the 
opposite side, which remains in darkness, it is night. Our 
earth, which we consider as a planet, is 24 hours in perform- 
ing one revolution on its axis; in that period oCtvKk^^vVi^x^- 
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fore, we have a day and a night; hence this revolation is 
called the earth^s diurnal or daily motion; and it is this re- 
volution of the earth from west to cast which produces an j 
apparent motion of the sun, nsoon and stars, in a contraiy \ 
direction. 

Let us now suppose ourselves to be beings independent ' 
of any pidnet, travelling in the skies, and looking upon the , 
earth in the same point of view as upon the other planets. j 

Caroline. It is not flattering to us, its inhabitants, to see ^ 
it make so insignificant an appearance. | 

Mrs. B. To those who are accustomed to^jntemplate I 
it in this light, it never appears more glorious: *^.We are 
taught by science to distrust appearances; ancHflHtead of 
considering the planets as little stars, we look upon them 
either as brilliant suns or habitable worlds, and we consid- 
er the whole together as forming one vast and magnificent 
system, worthy of the Divine hand by which it was created^ 

Emily. I can scarcely conceive the idea of this inraien-^ 
sity of creation; it seems too sublime for our imagination;— j 
and to think that the goodness of Providence extends over > 
millions e( worlds throughout a boundless universe — ^Ah! - j 
Mrs. B., it is we only who become trifling and insignificant ' 
beings in so magnificent a creation! 

Mrs. B. This idea should teach us humility, but with- 
out producing despondency. The same Almighty hand 
which guides these countless worlds in their undeviating 
course, conducts with equal perfection the blood as it cir- 
culates through the veins of a fly, and opens the eye of the 
insect to behold His wonders. Notwithstanding this im- 
mense scale of creation, therefore, we need not fear to be 
disregarded or forgotten. 

But to return to our station in the skies. We were, if 
you recollect, viewing the earth at a great distance, in ap- 
pearance a little star, one side illumined by the sun, the 
other in obscurity. But would you believe it, Caroline, 
many of the inhabitants of this little star imagine that when 
that part which they inhabit is turned from the sun, dark- 
ness prevails throughout the universe, merely because it is 
night with them; whilst, in reality, the sun never ceases to 
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shine upon every planet. When, therefore, these little ig- 
Borant beings look around them during their night, and be- 
hold all the stars shining, they can not imagine why the 
planets, which are dark bodies, should shine; concluding, 
that since the sun does not illumine themselves, the whole 
universe must be in darkness. 

Caroline. I confess that I was one of these ignorant 
people; but I am now very sensible of the absurdity of such 
an idea. To the inhabitants of the others planets, then, we 
must appear as a little star? 

JMrs, B. Yes, to those which revolve round our sun; for 
since those which may belong to other systems, (and whose 
existence is only hypothetical) are invisible to us, it is pro- 
bable that we also are invisible to them. 

Emily. But they may see our sun as we do theirs, in 
appearance a fixed star? 

Mrs. B.\, No doubt; if the beings who inhabit those plar 
nets are endd^ed with senses similar to ours. By the same 
rule we must appear as a moon to the inhabitants of our 
moon; but on a larger scale, as the surface of the earth is 
aboat thirteen times as large as that of the moon. 

Emily, The moon, Mrs. B., appears to move in a dif- 
ferent direction, and in a different manner from the stars.^ 

Mr$, B, I shall defer the explanation of the motion of 
the moon till our next interview, as it would prolong our 
present lesson too much. 
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OP THE PLANETS. 

OF THE 8ATELLITXS OH MOOl^S. eRATITT DIMINISHES AS THE SaUABX 01 

TUB DISTANCE. OP THE SOLAR SYSTEM. OF COMETS. C0N8TE1M- 

TIO^S, SIGNS OF THE XODIAC. OF COPERNICUS, NEWTOJTi &C. 

MRS. B. 

The planets are distinguished into primary and seconda- 
ry. Those which revolve immediately about the sun are 
called primary. Many of these are attended in their course 
by smaller planets, which revolve round them: Jhese are 
called secondary planets, satellites, or moons. ,^3uch is 
our moon which accompanies the earth, and is Carried with 
it round the sun. 

Emily, How then can you reconcile the motion of the 
secondary planets to the laws of gravitation; for the sun is 
much larger than any of the primary planets; and is not the 
power of gravity proportional to the quantity of matter.^ 

Caroline. , Perhaps the sun, though much larger, may 
be less dense than the planets. Fire you know, is very 
light, and it may contain but little matter, though of great 
magnitude. 

Mrs. B. We do not know of what kind of matter the 
sun is made; but we may be certain, that since it is the gen- 
eral centre of attraction of our system of planets, it must be 
the body which contains the greatest quantity of matter in 
that system. 

You must recollect, that the force of attraction is not on- 
ly proportional to the quantity of matter, but to the degree 



ON THE PLANETS* 91 

of proximity of the attractive bodv: this power is weakened 
by being diffused, and diminishes as the squares of the dis- 
tances increascicj^^Tbe square is the product of a nnmber 
nuitiplied by itseUt-so that a planet situate at twice the 
distance at which we are from the sun would gravitate four 
times less than,we do; for the product of two multiplied by 
itself is fourc;^._ 

Caroline. Then the more distant planets move slower 
in their orbits; for their projectile force must be propor- 
tioned to that of attraction? But I do not see how this 
accounts for the motion of the secondary round the primary 
planets, in preference to the sun? 

Emily^ Is it not because the vicinity of the primary 
planets renders their attraction stronger than that of the 
son? ^ 

Mri, B. Exactly sG^^X^ut since the attraction between 
bodies is mutual, the primary planets are also attracted by 
the satellites which revolve round them. The moon attracts 
the earth, as well as the earth the moon; but as the latter 
is the smaller body, her attraction is proportionally less; 
Aerefore neither the earth revolves round the moon, nor 
the moon round the earth; but they both revolve round a 
point, which is their common centre of gravity, and which 
is as much nearer the earth than the moon, as the gravity 
of the former exceeds tbcat of the latter. 

Emihh Yes, I recollect your saying, that if two bodies 
were fast^cl together by a wire or bar, their common cen- 
tre of gravity would be in the middle of the bar, provided 
the bodies were of equal weight; and if they differed in 
weight, it would be nearer the larger body. If then the 
earth and moon had no projectile force which prevented 
their mutual attraction from bringing them together,^ they 
would meet at their common centre of gravity. ) 

(Jaroline: ^Xbe-earth then has a great variety of motion, 
it revolves rOmd'the sun, upon its axis, and round the point 
towards which the moon attracts it. 

Mrs. B, ^^Just so; and this is the case with every planet 
which is attended by satellites. The complicated effect of 
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this variety of motions, produces certain irregularities whicb, i 
however, it is not necessary to notice at present. ^ 

' The planets act on the sun in the same manner as they . 
are themselves acted on by their satellites; for attraction, i; 
you must remember, is always mutual; but the gravity of 
the planets (even when taken collectively) is so trifling 
compared with that of the sun, that they do not caugethe' 
latter to move so much as one half of his diameter /^^]|ie 
planets do not, therefore, revolve round the centre Gfthe 
sun, but round a point at a small distance from its centre, 
about which the sun also revolves. ) 

Emily, I thought the sun had no motion? 

Mrs. B. \ You were mistaken; for besides that which I 
have just mentioned, which is indeed very inconsiderable, 
he revolves on his axis; Ibis motion is ascertained by ob- 
serving certain spots i^j^h disappear, and reappear regu- 
larly at stated times. / 

Caroline, A pTahel has frequently been pointed out to. 
me in the heavens; but I could not perceive that its mo- 
tion differed from that of the fixed stars, which only appear 
to move. 

Mrs. B, The great distance of the planets renders their 
motion apparently so slow, that the eye is not sensible of 
their progress in their orbit, unless we watch them for some 
considerable length of time: in different seasons they ap- 
pear in different parts of the heavens. The most accurate 
idea I can give you of the situation and motion of the plan- • 
ets, will be by the examination of this diagram, (plate YII. 
fig. 1) representing the solar system, in which you will find ■ 
every planet with its orbit delineated. ^ 

Emily. But the orbits here are all circular, and you : 
said that they were elliptical. The planets appear too, to . 
be moving round the centre of the sun; whilst you told 
us that they moved round a point at a little distance from 
thence. 

Mrs. B. The orbits of the planets are so nearly cir- 
cular, and the common centre of gravity of the solar sys- 
tem so near the centre of the sun, that these deviations 
are scarcely worth observing. The dimensions of the 
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planets, ill their true proportions, you will find delineated 
in fig. 2. 

"Mercury is the planet nearest the sun; his orbit is conse- 
^ttotljr contained within ours; but his vrcinity to the sun, 
Mcasions his being nearly lost in the brilliancy of bis rays; 
and when we see the sun, he is so dazzling, that very ac- 
curate observations can not be made upon Mercury. He 
performs his revolution round the sun in about 87 days, 
which is consequently the length of his year. The time 
of his rotation on his axis is not known; his distance from 
tte sun is computed to be 37 millions of miles, and his di- 
ameter 3180 miles. The heat of this planet is so great, 
that water can not exist there but in a state of vapour, and 
metals would be liquified. 

Caroline. Oh, what a dreadful climate! 

Mrs. B. Though we could not live there, it may be per- 
fectly adapted to other things destined to inhabit it. 

Venus, the next in the order of planets, is 68 millions of 
miles from the sun: she revolves about her axis in 23 hours 
and 21 minutes, and goes round the sun in 244 days 17 
hottrs. The orbit of Venus is also within ours; during one 
bdf of her course in it, we see her before sun-rise, and she 
18 called the morning star; in the other part of her orbit she 
riles later than the sun. 

Carolme. In that case we can not see her, for she must 
rise in the day time? 

Mrs. B. True; but when she rises later than the sun, 
she also sets later; so that we perceive her approaching 
tbe horizon after sun-set: she is then called Hesperus, or 
the evening star. Do you recollect those beautiful lines of 
Milton: 

Now came stUl evening on, and twilight gray 
Ilad in her sober livery all things clad; 
Silence accompanied; for beast and bird. 
They to their grassy couch, these to their netts 
Were slunk, all but the wakeful nightingale; 
She all night long her amorous descant sung; 
Silence was pleased; now glowed the firmament 
With living saphirs; Hesperus that led 
The starry host, rode brightest, till iVie tcvoou 
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Rising in clouded majesty, at length 
Apparent queen unveil'd her peerless light. 
And o'er the dark her silver mantle threw. 

The Planet next to Venus is the Earth, of which we sha 
soon speak at full length. At present I shall only obsen 
that we are 95 millions of miles distant from the sun, th 
we perform our annual revolution in 365 days 5 hours aq 
49 minutes; and are attended in our course by a singi 
moon. 

Next follows Mars. He can never come between us an 
the sun, like Mercury and Venus; his motion is, howeyei 
very perceptible, as he may be traced to different situation 
in the heavens; his distance from the sun is 144 millionsc 
miles; he turns round his axis in 24 hours and 39 mtnutei 
and he performs his annual revolution, in about 687 of on 
days: his diameter is 4120 miles. Then follow four ver 
small planets, Juno, Ceres, Pallas and Vesta, which hav 
been recently discovered, but whose dimensions and difl 
tances from the sun have not been very accurately aseei 
tained. 

Jupiter is next in order: this is the largest of alLthe pit 
nets. He is about 490 millions of miles froni the sun, api 
completes his annual period in nearly 12 of our years. B 
turns round his axis in about ten hours. He is above ISO) 
times as big as our earth; his diameter is 86,000 milcf 
The respective proportions of the planets can not, there 
fore, you see, be conveniently delineated in a diagram. H 
is attended by four moons. 

The next planet is Saturn, whose distance from the su 
is about 900 millions of miles; his diurnal rotation is pei 
formed in 10 hours and a quarter: his annual revolution i 
nearly 30 of our years. His diameter is 79,000 milei 
This planet is surrounded by a luminous ring, the natqre c 
which, astronomers are much at a loss to conjecture: h 
has seven moons. Lastly, we observe the Georgium Siduf 
discovered by Dr, Herschel, and which is attended by si: 
moons. 

Caroline. How charming it must be in the distant pla 
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nets, to see several moons shining at the same time; I think 
I sbould like to be an inhabitant of Jupiter or Saturn. 

Jifrs. B. Not long I believe. Consider v^hat extreme 
cold must prevail in a planet, situated as Saturn is, at near- 
Ij ten times the distance at which ive are from the sun. 
Then his numerous moons are far from making so splendid 
in appearance as ours; for they can reflect only the light 
which they receive from the sun; and both light and heat 
decrease in the same ratio or proportion to the distances as 
gravity. Can you tell me now bow much more light we 
enjoy than Saturn? 

Cardine. The square of ten is a hundred; therefore, Sa- 
turn has a hundred times less — or to answer your question 
exactly, we have a hundred times more light and heat than 
Saturn — this certainly does not increase my wish to become 
one of the poor wretches who inhabit that planet. 

Mrs, B. May not the inhabitants of Mercury, with equal 
plausibility, pity us for the insupportable coldness of our 
situation; and those of Jupiter and Saturn for our intolera- 
ble beat? The Almighty Power which created these planets, 
and placed them in their several orbits, has no doubt peo- 
pled them with beings whose bodies are adapted to the va- 
rious temperatures and elements in which they are situated. 
If we judge from the analogy of our own earth; or from that 
of the great and universal beneficence of Providence, we 
must conclude this to be the case. ' 

Caroline. Are not comets also supposed to be planets? 

Mrs. BJt Yes, they are; for by the reappearance of some 
of them, ar/sttttctnlmes, they are known to revolve round 
the sun, but in orbits so extremely eccentric, that they dis- 
ippear for a great number of years. , If they are inhabited, 
it must be by a species of beings very different, not only 
from the inhabitants of this, but from those of any of the 
other planets, as they must experience the greatest vicissi- 
tudes of beat and cold; one part of their orbit being so near 
the sun, that their heat, when there, is computed to be 
greater than that of red-hot iron; in this part of its orbit, 
the comet emits a luminous vapour, called the tail, which 
it gradually loses as it recedes from the sun; and the c^^vo^^^ 
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itself total) J disappears Troin our sight, ip.tbe more disrlant 
parts of its orbit, which extends considerably beyond that 
of the furthest planet. 

The number of comets belonging to our system can not 
be ascertained, as some of them are whole centuries befortr 
they make their reappearance. The nuoiber that are knowi 
by their regular reappearance is only tbiree. . * 

Emily, \ Pray, Mrs. B., what are the constellations? « ' 

Mrs, B. They are the fixed stars, which (he aticieoti^ 
in order to recognise them, formed into groups, and gaiBJ 
the names of the figures, which you find delineated on thi : 
celestial globe. In order to show their proper situations IB': 
the heavens, they should be painted on the internal surfact' 
of a hollow sphere, from the centre of which you shoutlL 
view them; you would then behold them as they appear in. 
be situated in the heavens. The twelve constellations, call- 
ed the signs of the zodiac, are those which are so situatedi 
that the earth, in its annual revolution, passes directly be- 
tween them and the sun. Their names are Aries, Taurufi 
Gemini, Cancer, Leo, Virgo, Libra, Scorpio, Sagittarimi 
Capricornus, Aquarius, Pisces; the whole occupying a cooH 
plete circle, or broad belt, in the heavens, called the zodiac*^ 
(plate YIIL fig. 1.) Hence, a right line drawn from the 
earth, and passing through the sun, would reach one of these 
constellations, and the sun is said to be in that constella- 
tion at which the line terminates: thus, when the earth ii 
at A, the sun would appear to be in the constellation or 
sign Aries; when the earth is at B, the sun would appear 
in Cancer; when the earth was at C, the sun would h€ in 
Libra; and when the earth was at D, the sun would be in 
Capricorn. This circle, in which the sjun thus appears to 
move, and which passes through, the middle of the zodiac, 
is called the ecliptic. 

Caroline, But many of the stars in these constellatloitf 
appear beyond the zodiac. 

Mrs, B, Wc have no means of ascertaining the distance 
of the fixed stars. When, therefore, they are said to be in 
the zodiac^ it is merely implied that they are situated in 
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that directioD, and that they shine upon us through that por* 
tioD of the heavens, which we call the zodiac. 

Emiiy. But are not those large bright stars, which are 
called stars of the first magnitude, nearer to us, than those 
mall ones which we can scarcely discern? 

JUh. B. It maybe so; or the difference of size and bril- 
liaDcy of the stars may proceed froitf their difference of di- 
mensions; jihis is a point which astronomers are not ena- 
bled to determine. Considering them as suns, I see no 
reason why different suns should not vary in dimensions, as 
well, as the planets belonging to them. 

Emily. What a wonderful and beautiful system this is, 
and how astonishing to think that every fixed star may pro- 
bably be attended by a similar train of planets! 

(Jarcline, You will accuse me of being very incredu- 
lous, but I can not help still entertaining some doubts, and 
fearing that there is more beauty than truth in this system. 
It certainly may be so; but there does not appear to me to 
be sufficient evidence to prove it. It seems so plain and 
obvious that the earth is motionless, and that the sun and 
stars revolve round it; — ^your solar system, you must allow, 
is directly in opposition to the evidence of oiir senses. 

Mrs* B. Our senses so often mislead us, that we should 
not place implicit reliance upon them. 

Caroline, On what then can we rely, for do we not re- 
ceive all our ideas through the medium of our senses? 

Mrs. B. It is true that they are our primary source of 
knowledge; but the mind has the power of reflecting, judg- 
ing, and deciding upon the ideas received by the organs of 
gense. This faculty, which we call reason, has frequently 
proved to us, that our senses are liable to err. If you have 
ever sailed on the water, with a very steady breeze, you 
must have seen the houses, trees, and every object move, 
while you were sailing. 

Caroline. I remember thinking so, when I was very 
young; but I now know that their motion is only apparent. 
It is true that my reason, in this case, corrects the error of 
my sight. 

Mv. B. It teaches you, that tbe a\ii[^^tt\A.m^'C\^^ ^V^^ 
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objects on shore, proceeds from your being yourself moving, 
and that you are not sensible oi your own motion, because 
you meet with no resistance. It is only when "some obsta- 
cle impedes our motion, that we are conscious of moTing; 
and if you were to close your eyes when you were sailing 
on calm water, with a steady wind, you would not perceive 
that you moved, for you could not feel it, and you could see 
it only by observing the change of place of the objects on 
shore. So it is with the motion of the earth: every thing 
on its surface, and the air that surrounds it, accompanies it 
in its revolution; it meets with no resistance: therefore, like 
the crew of a vessel sailing with a fair wind, in a calm sea, 
we are insensible of our motion. 

CaroliTts, But the principal reason why the crew of a 
vessel in a calm sea do not perceive their motion, is, be- 
cause they move exceedingly slow, while the earth, you say, 
revolves with great velocity. 

Mrs. B,- It is not because they move slowly, but be- 
cause they move steadily, and meet with no irregular re- 
sistances, that the crew of a vessel do not perceive their 
motion; for they would be equally insensible to it, with the 
strongest wind, provided it were steady, that they sailed 
with it, and that it did not agitate the water; but this last 
condition, you know, is not possible, for the wind will al- 
ways produce waves which offer more or less resistance to 
the vessel, and then the motion becomes sensible, because 
it is unequal. 

Caroline. ^ But, granting this, the crew of a vessel have 
a proof of their motion, though insensible, which the inha- 
bitants of the earth can not have, — the apparent motion of 
the objects on shore. 

Mrs. B. Have we not a similar proof of the earth's 
motion in the apparent motion of the sun and stars.VIma- 
gine the earth to be sailing round its axis, and succeiJM^Iy 
passing by every star, which, like the objects on land, we 
suppose to be moving instead of ourselves. I have heard it 
observed by an aerial traveller in a balloob, that the earth 
appears to sink beneath the balloon, instead of the balloon 
rising above the earth. 
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It is a law which we discover throughout nature, and 
worthy of its great Author, that all its purposes are accom- 
pUabed by the most simple means; and what reason have 
we to suppose this law infringed^in order that we may re- 
main at rest, while the sun and sl;ars move round us; their 
legalar motions, which are explained by the laws of attrac- 
tion on the first supposition, would be unintelligible on the 
last, and the order and harmony of the universe be destroy- 
cj^^IThink what an immense circuit the sun and stars 
womd make daily, were their apparent motions real.^^ We 
know many of them to be bodies more considerable than 
oar earth; for our eyes vainly endeavour to persuade us, ' 
that they are little brilliants sparkling in the heavens, while 
Bcience teaches us that they are immense spheres, whose 
apparent dimensions are diminished by distance. Why then 
SDOuld these enormous globes daily traverse such a prodi- 
{[ious space, merely to prevent the necessity of our earth's 
revolving on its axis? ^ 

Caroline. I think I must now be convinced. But you 
will, I hope, allow me a little time to familiarise myself to 
I an idea so different from that which I have been accustom- 
ed to entertain. And pray, at what rate do we move? 

Mrs, B. The motion produced by the revolution of the 
earth on its axis, is about eleven miles a minute, to an in- 
habitant of London. 

Emily, But does not every part of the earth move with 
the same velocity? 

Mrs, B, A moment's reflection would convince you of 
the contrary :tja person at the equator must move quicker 
than one situated near the poles, since they both perform a 
revolution in 24 hours. 

Emily^ True, the equator is farthest from the axis of 
motionKr.But in the earth's revolution round the sun, every 
part must move with equal velocity? 
Mrs, £«^ Yes, about a thousand miles a minute. 
I Caroline. ~ How astonishing! — and that it should be pos- 
i sible for ns to be insensible of such a rapid motion. You 
would not tell me this sooner, Mrs. B. for fear of increas- 
ing tnj incredulity. 

'. Before the time of Newton, was u^l^Jsx^ ^^xJOcw ^xi^Y^^^^ 
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to be in the centre of the system, and the sup, moon, and 
stars to revolve round it? ; 

Mrs. B. ' This was the system of Ptolemy in ancient 
times; but as long ago as the beginning of the sixteenth 
century it was discarded, and the solar system^jyich as I 
have shown you, was established by the celebrated astro- 
nomer Copernicus, and is hence called the Copemiean 
system. But the theory of gravitation, the source ftoffl 
which this beautiful and harmonious arrangement flows, 
we ow^ to the powerful genius of Newton, who lived at a 
much later period. : 

Emily, It appears, indeed, far less difficult to trace by 
observation the motion of the planets, than to divine by 
what power they are impelled and guided. I wonder how 
the idea of gravitation could first have occurred to sir Isaac 
Newton? 

JUrs. B. It is said to have been occasioned by a cir- 
cumstance from which one should little have expected so 
grand a theory to have arisen. 

During the pirevalence of the plague in the year 1666, 
Newton retired into the country to avoid the contagion: 
when sitting one day in his orchard, he observed an apple 
fall from a tree, and was led to consider what could be the 
cause which brought it to the ground. 

Caroline. If I dared to confess it, Mrs. B., I should say 
that such an inquiry indicated rather a deficiency than a 
superiority of iotellect. I do not understand how any one 
can wonder at what is so natural and so common. 

Mrs, B, It is the mark of superior genius to find matter 
for wonder, observation, and research, in circumstances 
which, to the ordinary mind, appear trivial, because they 
are common, and with which tbey are satisfied, because 
they are natural, without reflecting that nature is our grand 
field of observation, that within it is contained our whole 
store of knowledge; in a word, that to study the works of 
nature, is to learn to appreciate and admire the wisdom of 
God. Thus, it was the simple circumstance of the fall of 
an apple, which led to th^ discovery of the laws upon which 
the Copernican system is founded; and whatever credit this 
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sjrstem had obtained before, it now rests upon a basis from 
which it can not be shdken. . 

EmUy^!Fb\B was a most fortunate apple, and more wor- 
thy to be commemorated than all those that have been sung 
by the poets. The apple of discord for which the goddesses 
contended; the golden apples by which Atalanta won the 
race; nay, even the apple which William Tell shot from 
the head of his son, can not be compared to this! - 
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ON THE EARTH. 

OF THE TERRESTnTAL GLOBE. — 07 THE PIGUBE OF THE SABTH.— OF TBI 
PENDULUM. — OF THE VABIATION OF THE SEASONS, AND OF THE LESeXH 

OF DATS AND NIGHTS. OF THE CAUSES OF THE HEAT OF SUMXSB«-Mnr 

BOLAB, SIDEBIAL, AND EaVAL OB MEAN TIME. 

MRS. B. 

As the earth is the planet in which we are the most 
particularly interested, it is my intention this morning, to 
explain to yoa the effects resulting from its annual and di« 
urnal motions; but for this purpose it will be necessary to 
make you acquainted with the terrestrial globe: you have 
not either of you, I conclude, learnt the use of the globes? 

Caroline, No; I once indeed learnt by heart the names 
of the lines marked on the globe, but as I was inforoied 
they were only imaginary divisions, they did not appear to 
me worthy of much attention, and were soon forgotten. 

Mrs. B, You suppose, then, that astronomers had been 
at the trouble of inventing a number of lines to little pur- 
pose. It will be impossible for me to explain to you the 
particular effects of the earth^s motion, without your hav*' 
ing acquired a knowledge of these lines: in plate YIIL 
fig* ^« you will find them all delineated: and you must 
learn them perfectly if you wish to make any proficiency 
in astronomy. 

Caroline, I was taught them at so early an age that 
/ couJd not understand their me^ii\vi%\ ^tii 1 Vnax^ ^Cteu 
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beard you say that the only use of words was to convey 
ideas. 

Mrs, B. The names of these lines would have conveyed 
ideas of the figures they were designed to express, though 
the use of these figures might at that time have been too 
difficult for you to understand. Childhood is the season 
when impressions on the memory are most strongly and 
most easily made: it is the period at which a large stock 
of ideas should be treasured up, the application of which 
we may learq when the understanding is more developed. 
It is, I think, a very mistaken notion that children should 
be taught such things only as they can perfectly understand. 
Had you been early made acquainted with the terms which 
relate to figure and motion, how much it would have faci- 
litated your progress in natural philosophy. I have been 
obliged to confine myself to the most common and familiar 
expressions, in explaining the laws of nature, though I am 
convinced that appropriate and scientific terms would have 
conveyed more precise and accurate ideas; but I was afraid 
of not being understood. 

Emily. You may depend upon our learning the names 
of these lines thoroughly, Mrs. B.; but before we commit 
them to memory, will you have the goodness to explain 
them to us? 

Mrs. B. Most willingly. This globe, or sphere, repre- 
sents the earth; the line which passes through its centre, 
and on which it turns, is called its axis, and the two extre- 
mities of the axis A and £, are the poles, distinguished by 
the 'names of the north and the south pole. The circle 
C D> which divides the globe into two equal parts between 
the poles, is called the equator, or equinoctial line; that 

Cart of the globe to the north of the equator is the northern 
tfmisphere; that part to the south of the equator, the south- 
ern hemisphere. The small circle E F, which surrounds 
the north pole, is called the arctic circle, that G H, which 
surrounds the south pole, antarctic circle. There are two 
immediate^ circles between the polar circles and the equa- 
tor; that to the north, I K, called the tropic of C3.wce^\^W\\. 
to the south, L Af, called the tropic ol C^\vn<iQX\i. \jasJ\^n 
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this circle, L K, which divides the globe into two equal 
parts, crossing the equator and extending northward as far 
as the tropic of Cancer, and southward as far as the tropic 
of Capricorn, is called the ecliptic. The delineation of 
the ecliptic on the terrestrial globe is not without danger of ! 
conveying false ideas; for the ecliptic (as I have befim i 
said) is an imaginary circle in the heavens passing throm^ < 
the middle of the zodiac, and situated in the plane of tt^^ 
earth's orbit. 

Caroline. I do not understand the meaning of the 
of the earth's orbit. . . . , 

•Mrs, B. A plane, or plain, is an even level anrfadiLa 
Let us suppose a smooth thin solid plane cutting tiiBiiAi!l 
through the centre, extending put as far as the ned ili^L' 
and terminating in a circle vdiich passes through the odid^i 
die of the zodiac; in this plane the earth would naeT^ it-'^ 
its revolution round the San; it is therefore called tbeplaM * 
of the earth's orbit, and the circle in which this plane cats' 
the signs of the zodiac is the ecliptic. Let the fig. 1. plate 
IX. represent such a plane, S the sun, E the earth with ill 
orbit, and A B C D the ecliptic passing through the middle 
of the zodiac. 

Emily. If the ecliptic relates only to the heavens, why 
is it described upon the terrestrial globe? 

Mrs. B. It is convenient for the demonstration of a 
variety of problems in the use of the globes; and besides, 
the obliquity of this circle to the equator is rendered more 
conspicuous by its being described on the same globe; and 
the obliquity of the ecliptic shows the inclination of the 
earth's axis to the plane of its orbit. But to return to fig. 
2. plate VIII. 

The spaces between the several parallel circles on the 
terrestrial globe are called zones: that which is compre- 
hended between the tropics is distinguished by the name of 
the torrid zone; the spaces which extend from the tropics 
to the polar circles, the north and south temperate zones; 
and the spaces contained within the polar circles, the frigid 
zones. 

T})e several lines which, you observe, are drawn from 
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»De pole to the other, cutting the equator at right angles, 
are called meridians. When any one of these meridians is 
exactlj opposite to the sun, it is mid-day, or twelve o'clock 
IB the day, with all the places situated pn that meridian; 
and, with the places situated on the opposite meridian, it is 
consequently midnight. 

EmUy, To places situated equally distant from these 
tffo meridians, it must then be six o'clock. 

Mrs. B. Yes; if they are to the east of the sun's meri- 
dian it is six o'clock in the afternoon, because the sun will 
have previously passed over them; if to the west, it is six 
o'clock in the morning, and the sun will be proceeding to- 
wards that meridian. 

These circles which divide the globe into trvo equal parts, 
nch as the equator and the ecliptic, are called greater cir- 
cles; to distinguish them from those which divide it into 
tiro unequal parts, as the tropics and polar circles, which 
are called lesser circles. Ail circles are divided into 360 
equal parts, called degrees, and degrees into 60 equal parts, 
called minutes. The diameter of a circle is a right line 
drawn across it, and passing through the centre; for instance, 
like boundary of this sphere is a circle, and its axis the dia- 
aieter of that circle; the diameter is equal to a little less 
than one-third of the circumference. Can you tell me near- 
If how many degrees it contains? 

Caroline. It must be something less than one-third of 
360 degrees, or nearly 120 degrees. 

Mrs. B. Right; now Emily, you may tell me exactly 
llow many degrees are contained in a meridian? 

Emily. A meridian, reaching from one pole to the other, 
ia half a circle, and must therefore contain 180 degrees. 

Mrs. B. Very well; and what number of degrees are 
there from the equator to the poles? 

Cardine. The equator being equally distant from either 
polt, that distance must be hall of a meridian, or a quarter 
of a circumference of a circle, and contain 90 degrees. 

Mrs. B. Besides the usual division of circles into de- 
grees, the ecliptic is divided into twelve equal parts, called 
signs, which bear the name of the constellatioaa thxc^M<^ 

10 
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which this circle passes in the heavens. The degrees mea- 
sured on the meridians from north to south, or south to 
north, are called degrees of latitude; those measured from 
east to west on the equator, the ecliptic, or any of the less- 
er circles, are called degrees of longitude; hence these eir- 
cles bear the name of longitudinal circles; they are alio 
called parallels of latitude. 

Emily. The degrees of longitude must then vary in 
length, according to the dimensions of the circle on which 
they are reckoned; those, for instance, at the polar circles 
will be considerably smaller than those at the equator? 

Mrs. B, Certainly; since the degrees of circles of dif- 
ferent dimensions do not vary in number, they most neces- 
sarily vary in length. The degrees of latitude you may ob- 
serve, never vary in length; for the meridians on which they 
are reckoned are all of the same dimensions. 

EmUy. And of what length is a degree of latitude? 

Mrs. B. Sixty geographical miles, which is equal to 
69^ English statute miles. 

Emily. The degrees of longitude at the equator muit 
then be of the same dimensions? 

Mrs. B. They would, were the earth a perfect sphere; 
but its form is not exactly spherical, being somewhat protu- 
berant about the equator, and flattened towards the poles. 
This form is supposed to proceed from the superior action 
of the centrifugal power at the equator. 

Caroline, I thought I had understood the centrifugal' 
force perfectly, but I do not comprehend its effects in this 
instance. 

Mrs. B. You know that the revohition of the^arth on 
its axis must give every particle a tendency to fly off from 
the centre, that this tendency is stronger or weaker in pro- 
portion to the velocity with which the particle moves; now 
a particle situated near one of the polar circles makes one 
rotation in the same space of time as a particle at the equa- 
tor; the latter, therefore, having a much larger circle to de- 
scribe, travels proportionally faster, consequently the cen- 
trifuga] force is much stronger at the equator than at the 
polar circles: it gradually decte^sts ^« ^^w \ttv«^\hi^ «c^« 
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oT weight could be ascertained; for if the body under trial 
tor and approach the poles, where, as their is no rotatory 
motion, it entirely ceases. Supposing, therefore, the earth 
to have been originally in a fluid state, the particles in the 
torrid zone would recede much farther from the centre than 
those in the frigid zones; thus the polar regions would be- 
cooie flattened, and those about the equator elevated. 

Caroline. I did not consider that the particles in the 
■ei|^bourhood of the equator move with greater velociQr 
Aan those about the poles; this was the reason 1 could not 
understand vou. 

Mrs. B.f You must be careful to remember that those 
ptfrts of a body which are farthest from the centre of mo- 
tion must move with the greatest velocity: the axis of the 
earth is the centre of its diurnal motion, and the equatorial 
regions the parts most distant from the axis. 

Caroline. My head then nK)ves faster than my feet; and 
apon the summitof a mountain we^re carried round quicker 
than in a vallev? 

Mrs. B. Certainly; your head is more distant from the 
centre of motion than your feet; the mountain-top than the 
valley; and the more distant any part of a body is from the 
centre of motion, the larger is the circle it will describe^ 
and the greater therefore mnst be its velocity. 

EmUy. I have been reflecting, that if the earth is not a 
perfect circle — 

Mrs. B. A sphere you mean, my dear: a circle is a 
found line, every part of which is equally distant from the 
centre; a sphere or globe is a round body, the surface of 
which is every where equally distant from the centre, 

EmUy. If, then, the earth is not a perfect sphere, but 
pronainent at the equator, and depressed at the poles, would 
not a body weigh heavier at the*^quator than at the poles? 
For the earth being thicker at the equator, the attraction of 
pavity perpendicularly downwards must be stronger. 

Mrs. B. Your reasoning has some plausibility, but I 
am sorry to be obliged to add, that it is quite erroneous; for 
the nearer any part of the surface of a body is to the centre 
of attraction, the more strongly it is attracted; because the 



108 ON THE EARTH. 

most considerable quantity of matter is about that centlre. la 
regard to its effects, you might consider the power of gravity, 
as that of a magnet placed at the centre of attraction. 

Emily. But where you to penetrate deep into the earth, 
would gravity increase as you approached the centre? 

Mrs, B, Certainly not; I am referring only to any sitaa« 
tion on the surface of the earth. Were you to. penetrate 
into the interior, the attraction of the parts above you would 
counteract that of the parts beneath you, and consequently 
diminish the power of gravity in proportion as you approach 
the centre; and if you reached that point, being equally at* 
tracted by the parts all around you, gravity would ceaaei 
and jou would be without weight. 

Emily,.- Bodies, then, should weigh less at the equator 
than at the poles, since they are more distant from the ccb- 
Ire of gravity in the former than in the latter situationrN 

•Mrs. B, And this is really the case; but the differeirce 
of weight would be scarcely sensible, were it not augment- 
ed by another circumstance. 

Caroline. And what is this singular circumstance, which 
seems to disturb the laws of nature? 

Mrs. B, One that you are well acquainted with, at 
conducing more to the preservation than the destructjon of 
order, — the centrifugal force. This we have just observed 
to be stronger at the equator; and as it tends to drive bodies 
from the centre, it is necessarily opposed to, and must lessen 
the power of gravity, which attracts them towards the cen- 
tre. We accordingly find that bodies weigh lightest at the 
equator, where the centrifugal force is greatest; and heavi- 
est at the poles, where this power is least. 

Caroline, Has the experiment been made in these dif- 
ferent situations? 

Mrs. B. Louis XIV. of France, sent philosophers both 
to the equator and to Lapland for this purpose: the severity 
of the climate, and obstruction of the ice, has hitherto ren- 
dered every attempt to reach the pole abortive; but the dif- 
ference of gravity at the equator and in Lapland is veiy 
perceptibld. 

Caroline. Yet I do not comprehend hoWthe difference 
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decreased in weight, the weight which was opposed to it ia 
the opposite scale must have dimiDished in the same pro* 
portion. For instance, if a pound of sugar did not weigh 
10 heavy at the equator as at the poles, the leaden pound 
which served to weigh it, would not be so heavy either; 
therefore they would still balance each other, and the dif- 
ferent force of gravity could not be ascertained by this means. 

Mrs, B. Your observation is perfectly just: the differ- 
ence of gravity of bodies situated at the poles and at the 
equator can not be ascertained by weighing them; a pendu- 
Imn was therefore used for that purpose. 

CoTolint. What, the pendulum of a clock? how could 
that answer the purpose? 

~ JUfv. ^^^ pendulum consists of a line, or rod, to one 
end of whiciriEt weight is attached, and it is suspended by 
the other to a fixed point, about which it is made to vibrate. 
Without being put in motion, a pendulum, like a plumb 
line, bangs perpendicular to the general surface of the earth, 
by which it is attracted; but if you raise a pendulum, gra^ 
vity will bring it back to its perpendicular position. It will, 
however, not remain stationary there, for the velocity it has 
received during its descent, will impel it onwards, and it 
will rise on the opposite side to an equal height; from thence 
it is brought back by gravity, and again driven by the im- 
pulse of its velocity. ' ') 

Caroline. If so, the motion of a pendulum would be per- 
petual, and I thought you said, that there was no perpetual 
motion on the earth. 

Mrs. £./]Tbe motion of a pendulum is opposed by the 
resistance ofxhe air in which it vibrates, .and by the fric- 
tion of the part by which it is suspended:. 'were it possible 
to remove these obstacles, the motion of a pendulum would 
be perpetual, and its vibrations perfectly regular; being of 
equal distances, and performed in equal times. 
^ Emily, That is the natural result of the uniformity of 
the power which produces these vibrations, for the force of 
gravity being always the same, the velocity of the pendulum 
most consequently be uniform. 

CmvUm* No, Emilr, you are mialikt\i\ ^^ ^^>^^ v% 
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not always uniform, and therefore the effeet will not be so 
either. I have discovered it, Mrs. B.; since the force of 
gravity is less at the equator than at the poles, the vibra- 
tions of the pendulum will be slower at the equator than at 

the poles^T*) 

Mrs, Br You are perfectly right, Caroline; it was by 
this means that the difference of gravity was discovered, and 
the true figure of the earth ascertained. 

Emily. But how do they contrive to regulatr their time 
in the equatorial and polar regions? for, since in this pari 
of the earth the pendulum of a clock vibrates exactly once 
in a second, if it vibrates faster at the poles and slower at 
the equator, the inhabitants must regulate their clocks in a 
different manner from ours. 

Mrs, B» The only alteration required is to lengthen 
the pendulum in one case, and to shorten it in the other; for 
the velocity of the vibrations of a pendulum depends <m.its 
length; and when it is said that a pendulum vibrates qaicker 
at the pole than at the equator, it is supposing it to be of the 
same length. A pendulum which vibrates a second in this 
latitude is 36| inches long. In order to vibrate at the equa>* 
tor in the same space of time, it must be lengthened by the 
addition of a few lines; and at the poles it must be propor- ' 
tionally shortened. 

I shall now, I think, be able to explain to you the varia- 
tion of the seasons, and the difference of the length of the 
days and nights in those seasons; both effects resulting from ^ 
the same cause. / 

/ In moving round the sun, the axis of the earth is not per* 1 
pendicular to the plane of its orbit. Supposing this round 
table to represent the plane of the earth's orbit, and this i 
little globe, which has a wire passing through it, represent- \ 
ing the axis and poles, we shall call the earth; in moving ' 
round the table, the wire is not perpendicular to it, but 
oblique. '^• 

Emily,' Yes, I understand the earth does not go ronnd 
the sun in an upright position, its axis is slanting or obliaue* 

Mrs. B, All the lines, which you learnt in your last 
lesson^ are delineated on this little globe; you muat cooii- ^ 
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der the ecliptic as representing the plane of the earth ^s or- 
bit, and the equator, which crosses the ecliptic in two 
places, shows the degree of obliquity of the axis ,of the 
earth in that orbit, which is exactly 23^ degree^^JChe 
points in w^ich the ecliptic intersects the equator are call- 
ed nodes. J 

But I biglteve I shall make this clearer to you by revolv- 
ing the little globe round a caudle, which shall represent 
the sun. (Plate IX. fig. 2.) 

As I now hold it, at A, you see it in the situation ia 
which it is in the midst of summer, or what is called the 
summer solstice^^ which is on the 2lstof June.\/ 

EmUy. YouHidd the wire awry, 1 suppose, in order to 
show that th^^xis of the earth is not upright? 

JUrs, -B.xjfef^in summer, the north pole is inclined 
towards the sunV^In this season, therefore, the northern 
hemisphere enj6ys much more of his rays than the southern. 
The sun, you see, now shines over the whole of the north 
frigid zone, and notwithstanding the earth's diurnal revo- 
lution, which I imitate by twirling the ball on the wiri^, it 
will continue to shine upon it as long as it remains iiiLthis 
situation, whilst the south frigid zone is at the same time 
completely in obscurity. ,.y 

Caroline, That is very strange; I never before heard 
that there was constant day or night in any part of the 
world! How much happier the inhabitants of the north 
frigid zone must be than those of the southern; the first 
enjoy uninterrupted day, while the last are involved in per- 
petual darkness. 

J)Irs, B. You judge with too much precipitation; exa- 
mine a little further, and you will find, that the two frigid 
zones share an equal fate. 

We shall now make the earth set off from its ix)sition in 
the summer solstice, and carry it round the sun; observe 
that the pole is always inclined in the same direction, and 
points to the same spot in the heavens. There is a fixed 
star situateil near that spot, which is hence called the north 
polar star. VNow let us stop the earth at 6, and examine 
it ifl its present situatioo; it has gone through one quarter 
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of its orbit, and is arriyed at that point at which the eclip- 
tic cuts or crosse&lhe equator, and which is called the au- 
tumnal equinos;^~J 

Emily. ThaTis then one of the nodes. 
I The sun now shines from one pole to the other, just as 
it would constantly do, if the axis of the earth were per- 
pendicular to its orbi t.' ^ 

Mrs. B,." Because'^lGe inclination of the axis is now 
neither towards the sun nor in the contrary direction; at 
this period of the year, therefore, the days and nights are 
equal in every part of the earth. But the next step she 
takes in her orbit, you see, involves the north pole in dark* 
ness, whilst it illumines that of the south r!)his change was 
gradually preparing as I moved the eartn from summer to 
autumn; the arctic circle, which was 8J|£rst entirely illu- 
mined, began to have short nights, whicn increased as the 
earth approached the autumnal equinox; and the instant it 
passed that point, the long night of the north pole com- 
mences, and the south sole begins to enjoy the light of the 
sun. We shall now make the earth proceed in its orbit, 
and you may observe that as it advances, the days shorten 
and the nights lengthen, throughout the northern hemi- 
sphere, until it arrives at the winter solstice, on the 21st of 
December, when the north frigid zone is entirely in dark- 
ness, and the southern has uninterrupted day-light.^ 

Caroline. Then, after all, the sun which I thought so 
partial, confers his favours equally on all. 

Mrs. B. ..Net so neither: the inhabitants of the torrid 
zone have much more heat than we have, as the sun's rays 
fall perpendicularly on them, while they shine obliquely on 
the rest of the world, and almost horizontally on the poles; 
for during their long day of six months, the sun moves round 
their horizon without either rising or setting; the only ob- 
servable difference, is that it is more elevated by a few de- 
grees at mid-day, than at mid-night. 

Emily. To a person placed in the temperate zone, in 
the situation in which we are in England, the sun will shine 
neither so obliquely as it does on the poles, nor so vertically 
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as at the equator; but its rays will fall upon him more ob- 
h'quelj in autumn and winter, than in summer. 

Caroline. And therefore, the inhabitants of the temper- 
ate zones will not have merely one day and one night in 
the year as happens at the poles, nor will they have equal 
dkjs and equal nights as at the equator; but their days and 
nights will v^ry in length, at different times of the year, 
dkcording as their respective poles incline towards or from 
the«un, and the difference will be greater in proportion to 
their distance from the equator. 

Mrs. B» We shall now follow the earth through the 
other half of her orbit, and you will observe, that now ex- 
actly the same ejflfect takes place in the southern hemisphere 
as what we have just remarked in the northern. Day com- 
mences at the south pole when night sets in at the north 
pole; and in every other part of the southern hemisphere 
the days are longer than the nights, while, on the contrary, 
our nights are longer than our days. When the earth ar- 
riyes at the vernal equinox, D, where the ecliptic again 
eats the equator, on the 2dth of March, she is situated, 
with respect to the sun, exactly in the same position, as in 
the autumnal equinox; and the only difference with respect 
to the earth, is, that it is now autumn in the southern hemi- 
sphere, whilst it is spring with us. 

Carcime. Then the days and nights are again every 
where equal? 

Mrs. B. Yes, for the half of the globe which is enlight- 
ened, extends lexactly from one pole to the other, the sun 
rises to the north pole, and the sun sets to the south pole; 
but in every other part of the globe, the day and night is 
of twelve hours length, hence the word equinox, which is 
derived from the Latin, meaning equal night. 

As the earth proceedir towards summer, the days lengthen 
in the northern hemisphere, and shorten in the southern, 
till the earth reaches the summer solstice, when the north 
fiigid zone is entirely illumined, and the southern is in com- 
plete daikness; and we have now brought the earth again 
to the spot from whence we first accompanied her, 

Bm^^ This is indeed a most salMacloi^ a^\^^^<v^T 
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of the seasons; and the more I learn, the more I admire 
the simplicity of means by which such wonderful effects 
are produced. 

Mrs, B. I know not which is most worthy of our ad- 
miration, the cause, or the effect ofthe earth's revolution 
round the sun. The mind can find no object of contem- 
plation more sublime, than the course of this magnificent 
globe, impelled by the combined powers of projection and 
attraction to roll in one inrariable course around the source 
of light and heat: and what can be more delightful than the 
beneficent effects of this vivifying power on its attendant 
planet. It is at once the grand principle which animates 
and fecundates nature. 

Emily. There is one circumstance in which this little 
ivory globe appears to me to differ from the earth; it is not 
cjuite dark on that side of it which is turned from the can- 
dle, as is the case with the earth when neither moon nor 
stars are visible. 

Mrs. B. This is owing to the light ofthe candle being 
reflected by the walls of the room on every part ofthe globe, 
consequently that side of the globe on which the candle 
does not directly shine, is not in total darkness. Now the 
skies have no walls to reflect the sun's light on that side of 
our earth which is in darkness. 

Caroline. I beg your pardon, Mr?. B., I think that tbe- 
moon and stars answer the purpose of walls in reflecting 
the sun's light to us in the night. 

Mrs. B. Very well, Caroline; that is td say, the moon 
and planets; for the fixed stars, you know, shine by their 
own light. 

EniUy. You say, that the superior heat of the equatorial 
parts of the earth, arises from the rays falling perpendicu- 
larly on those regions, whilst they* fall obliquely on these 
more northern regions; now I do not understand why per- 
pendicular rays should afford more heat than oblique rays. 

Caroline, You need only hold your hand perpendicu- 
larly over the candle, and then hold it sideways obliquely, 
to be sensible of the difference. 
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EmUy. I do not doubt the Tact, but I wish to have it ez- 
ilained. ^ 

Mrs. B. You are quite right; if Caroline had not been 
satisfied with ascertaining the fact, without understanding 
^ she would not have brought forward the candle as an 
Siustration; the reason why you feel so much more heat if 
you iiold your hand perpendicularly over the candle, than 
if you hold it sideways, is because a stream of heated va- 
four constantly ascends from the candle, or any other burn- 
ing body, which being lighter than the air of the room, does 
lot spread laterally but rises perpendicularly, and this led 
jou to suppose that the rays were hotter in the latter direc- 
tioo. Had you reflected, you would have discovered that 
nj9 issuing from the candle sideways, are no less perpen- 
i%ular to your hand when held opposite to them, than the 
1^8 which ascend when your hand is held over them. 
I The reason why the sun's rays afford less heat when in 
WeUique direction than when perpendicular, is because 
fewer of them fait upon an equal portion of the earth; this 
will be understood better by referring to pl^ite (X. fig. 1.,) 
which represents two equal portions of the sun's rays, shin- 
ing upon different parts of the earth. Here it is evident, 
that the^ame quantity of rays fall on the space A B, as fall 
; 00 the space B C; and as A B is less than B C, the heat 
lad light will be much stronger in the former than in the 
Utter; A B, you see, represents the equatorial regions, where 
[the sun shines perpendicularly; and B C, the temperate and 
-frozen climates, where his rays fall more obliquely. 
;■ Emily, This accounts not only for the greater heat of 
-tte equatorial regions, but for the greater heat of summer; 
ns the sun shines less obliquely in summer than in winter. 
Mrs, B, ( This you will see exemplified in figure 2, in 
[4vbieb the eMb is represented, as it is situated on the 2ist 
r^ Jane, and England receives less oblique and consequently 
|t greater number of rays, than at any other season; and 
vfigO^^, shows the situation of England on the 21st of De- 
l-Miber, when the rays of the sun fall most obliquely upon 
! \ss^ But there is also another reason why oblique rays 
gi?e less heat, than perpendicular rays; v?hich is, that they 
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have a greater portion of the atmosphere to traverse; and 
though it is true, that the auiiosphere is itself a transparent 
body, treelj admitting the passage of the sun^s rays, yet it 
is always loaded more or less with dense and foggy vapoDTi 
which the rays of the sun can not easily penetrate ;^nere- 
fore the greater the quantity of atmosphere the^UMlb's rays 
have to pass through in their way to the earth, the less beat 
they will retain when they reach it. This will be better 
understood, by referring to (fig. 4.) The dotted line roaud 
the earth, describes the extent of the atmosphere, and the 
lines which proceed from the sun to the earth, the passage 
of two equal portions of the sun's rays to the equatorial and 
polar regions; the latter you see, from its greater obliqui^ 
passes through a greater extent of atmosphere. 

Caroline. And this, no doubt, is the reason why the sub 
in the morning and the evening gives so much less heat, 
than at mid-day. 

Mrsf B. The diminution of heat, morning and evening, 
is certainly owing to the greater obliquity of the sun's rays; 
and as such they are affected by both the causes, which I 
have just explained to you; the difiSculty of-passing through 
a foggy atmosphere is perhaps more particularly applicable 
to them, as mist and vapours are prevalent about the time 
of sunrise and sunset. But the diminished obliquity of the 
sun's rays, is not the sole cause of the heat of summer; the 
length of the days greatly conduces to it; for the longer the 
sun is above the horizon, the more beat he will communi- 
cate to the earth. 

Caroline. Both the longest days, and the most perpen- 
dicular rays, are on the 21st of June; and yet the greatest 
heat prevails in July and August 

Mrs. B. Those parts of the earth which are once heat- 
ed, retain the heat for some length of time, and the addi- 
tional heat they receive, occasions an elevation of tempera- 
ture, although the days begin to shorten, and the sun's rays 
to fall more obliquely. For the same reason, we have 
generally more heat at three o'clock in the afternoon, than 
at twelve when the sun is on the meridian. 
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Emily. And pray, have the other planets the same vi- 
eifliiBitu^es of seasons, as the earth ? 

Mi's. Ej^^^^^me of them more, some less, according as 
their axesV^ejrjiate more or less from the perpendiealar to 
the plane oF their orbit»; The axis of Jupiter is nearly 
perpendicular to the plane of his orbit;;^ the axes of Mars 
and of^aturn are each inclined at angles of about sixty de- 
grees j' whilst the axis of Venus is believed to be elevated 
oily fifteen or twenty degrees above her orbit; the vicissi- 
tudes of her seasoiis must therefore be considerably greater 
thin ours. ^'For further particulars respecting the planets^ 
I shall refer you to Bonnycastle's Introduction to Astronomy. 

I have but one more observation to make to you relative 
to the earth's motion, which is, that although we have but 
S65 days and nights in the year, she performs 366 com- 
plete revolutions on her axis during that time. 

Caroline. How is that possible? for every complete re- 
rolution must bring the same place back to the sun. It is 
now just twelve o'clock, the sun is, therefore, on our meri- 
dian; in twentj-four hours will it not be returned to our 
meridian again, and will not the earth have made a com- 
plete rotation on its axis? 

Mrs. B. If the earth had no progressive motion in its 
orbit whilst it revolves on its axi^, this would be the case; 
but as it advances almost a degree westward in its orbit, in 
the same time that it completes a revolution eastward on its 
axis, it must revolve nearly one degree more in order to 
bring the same meridian back to the sun. 

Caroline. Oh, yes! it will require as much more of a 
lecond revolution to bring the same meridian back to the 
nm, as is equal to the space the earth has advanced in her^^ 
orbit, that is, nearly a degree; this difference is, however, 
very little. 

Mrs. B. These small daily portions of rotation are 
eiell equal to the three hundred and sixty- fifth part of a 
eircle, which at the end of the year amounts to one com- 
plete rotation. 

EntUy. That is extremely curious. If the earth then, 

U 
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had no other than its diurnal motion, we should have 366 
days in the year. 

Mrs. By We should have 366 days in the same period 
of time that we now have 365; but if we did not revolve 
round the sun, we should have no natural means of com- 
puting years. 

You will be surprised to hear, that if time is calculated 
by the stars instead of the sun, the irregularity which we 
have just noticed does not occur, and that oae complete ro- 
tation of the earth on its axis, brings the same meridian 
back to any fixed star. ,-^ 

Emily. That seems quite unaccountable; for the earth 
advances in her orbit with regard to the fixed stars, the same 
as with regard to the sun. 

Mrs. B. True, but then the distance of the fixed stars 
is so immense, that our solar system is in comparison to it 
but a spot, and the whole extent of the earth^s orbit but a 
point; therefore, whether the earth remain stationary, or 
whether it revolved in its orbit during its rotation on its 
axis, no sensible difference would be produced with regard 
to the fixed stars. One complete revolution brings the same 
meridian back to the same fixed star; hence the fixed stars, 
appear to go round the earth in a shorter time than the sun 
by three minutes fifty-six seconds of time. 

Caroline. These three minutes fifty-six seconds is the 
time which the earth takes to perform the additional three 
hundred and sixty fifth part of the circle, in order to bring 
the same meridian back to the sun. 

Mrs. B. Precisely. Hence the stars gain every day 
three minutes fifty-six seconds on the sun, which makes 
them rise that portion of time earlier every day. 

When time is calculated by the stars it is called sidereal 
time, when by the sun solar or apparent time, 

Caroline. Then a sidereal day is three minutes fifitjL-six 
seconds shorter than a solar day of twenty^four hours. ' 

Mrs. B. I must also explain to you what is meant by a 
sidereal year. 

The common year, called the solar or tropical year, con- 
taining 365 days, five hours, forty-eight minutes and fifty- 
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I two seconds, is measured from the time the sun sets out 

; from one of the equinoxes, or solstices, till it returns to the 

same again; but this year is completed before the earth has 

joished one entire revolution in its orbit.^' 

EtnUy. I thought that the earth performed one complete 

I revolution in its orbit every year; what is the reason of this 

\\ Tariation? 

Mrs. B. It is owing to the spheroidal figure of the earth. 
The elevation about the equator produces much the same 
, effect as if a similar mass of matter, collected in the form 
'' of a moon, revolved round the equator. When this moon 
.. acted on the earth in conjunction with or in opposition to 
[! the sun, variations in the eartfa^s motion would be occasion- 
ed, and these variations produce what is called the preces- 
sion of the equinoxes. 

Emly. What does that mean? I thought the equinoctial 
points, or nodes, were fixed points in the heavens, in which 
the equator cuts the ecliptic. 

Mrs. B. These points are not quite fixed, but have an 
sipparently retrograde motion, that is to say, instead of be- 
ing every revolution in the same place, they move back- 
wards. Thus if the vernal equinox is at A, (fig. 1. plate 
Xl.) the autumnal one will be at B instead of U, and the 
Miowing vernal equinox at D instead of at A, as would be 
the case if the equinoxes were stationary at opposite points 
of the eartVs orbit. 

Caroline. So that when the earth moves from one equi- 
nox to the other, though it takes half a year to perform the 
joarney, it has not travelled through half its orbit. 

Mrs. A And, consequently, when it returns again to 
^e first equinox, it has not completed the whole of its or- 
I'it.'. In order to ascertain when the earth has performed 
^n entire revolution in its orbit, we must observe when the 
>Qa returns in conjunction with any fixed star; and this is 
\l cdled a sidereal year. Supposing a fixed star situated at 
£) (fig. 1. plate XI.) the sun would not appear in conjnnc- 
tioQ with it till the earth had returned to A, when it would 
We completed its orbit. 
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EmUy. And bow much longer is the sidereal than the 
solar year? 

Mrs. B. Only twenty minutes; so that the variation of 
the equinoctial points is very considerable. I have given 
them a greater extent in the figure in order to render them 
Tsensible. 

In regard to time, I must further add, that the earth's 
diurnal motion on an inclined axis, together with its annual 
revolution in an elliptic orbit, occasions so much complica- • 
tion in its motion, as to produce many irregularities; there- 
fore true equal time can not be measured by the suvr* A 
clock, which was always perfectly correct, would inSseme 
parts of the year be before the sun, and in other parts after 
it. There are but four periods in which the sun and a per- 
fect clock would agree, which is the 16th of April, the 16th 
of June, the2Sd of August, and the 24th of December. 

Emily, And is there any considerable difference between 
solar time and true time? 

JUrs, B. The greatest difference amounts to between 
fifteen and sixteen minutest;; Tables of equation are con- . 
structed for the purpose of pdrnting out and correcting these 
differences between solar time and equal or mean time, 
which is the denomination given by astronomers to true 
time. 
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ON THE MOON. 

iir THB moor's XOTIO^r. — PHASES OF THE MOON. — ECLIPSES OT THE XOOIT. 

—ECLIPSES OF JCPITEB's MOONS. OP THE LATITUDE ARD LOReiTUSE* 

^hIv THB TBAirSlTS OF THE IHFEEIOB PLANETS. — OF THE TIDES. 

BIRS. B. 

We shall to-day confine our attention to the moon, which 
offers many interesting phenomena. 

The moon revolves round the earth in the space of about 
twenty-nine days and a half, in an orbit nearly parallel to 
that of the earth, and accompanies us in our revolution 
round the sun. 

Emily. Her motion then must be rather of a complica- 
ted nature; for as the earth is not stationary, but advances 
in her orbit whilst the moon goes round her, the moon must 
proceed in a sort of progressive circle. 

Mrs. B. That is true; and there are also other circum- 
stances which interfere with the simplicity and regularity 
of the moon's motion, but which are too intricate for you 
to understand at present. 

The moon always presents the same face to us, by which 
h-ir^ident that she turns but once upon her axis« while 
she performs a revolution round the earth; so that the in- 
habitants of the moon have but one day and one night ia 
the course of a lunar month. 

Cardint. We aflford them, however, the advantage of a 
magaiSeent mooa to enJighten theii long lu^U* 

11* 
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Mrs. B. That advantage is but partial; for since we al- 
ways see the same hemisphere of the mooo, the inhabitants 
of that hemisphere alone can perceive us. 

Caroline. One half of the moon then enjojs our light 
every night, while the other half has constantly nights of 
darkness, ^f there are any astronomers in those regions, 
they wouhf doubtless be tempted to visit the other hemis- 
phere, in order to behold so grand a luminary as we must 
appear to them. But, pray, do they see the earth under all 
the changes which the moon exhibits to us? 

Mre. B, Exactly so. These changes are called the phases 
of the moon, and require some explanation. In fig. 2, plate 
XL let us say that S represents the sun, E the earth, and 
A B C D the moon in different parts of her orbit. When 
the moon is at A, her dark side being turned towards the 
earth, we shall not see her as at a; but her disappearance 
is of very short duration, and as she advances in her orbit, 
we perceive her under the form of a new moon: when she 
has gone through one eighth of her orbit at B, one quarter 
of her enlightened hemisphere will be turned towards the 
earth, tmd she will then appear horned as at 6; when she 
has performed one quarter of her orbit, she shows us one 
half of her enlightened side as at c; at d she is said to be 
gibbous, and at e the whole of the enlightened side appears 
to us, and the moon is at full. As she proceeds in her or- 
bit she becomes again gibbous, and her enlightened hemis- 
phere turns gradually away from us until she completes her 
orbit and disappears, and then again resumes her form of a 
new moon. 

When the moon is at full, or a new moon, she is said to 
be in conjunction with the sun, as they are then both in the 
same direction with regard to the earth ;^hcn at hey quar- 
ters she is said to be in opposition to the ^n.. 

EmUy. Are not the eclipses produced by thci^ioon pasS'- 
ing between the sun and the earth? 

Mrs. B. Yes; when the moon passes between the sun 
and the earth, she intercepts his rays, or, in other words, 
easts a shadow on the earth, then the sun is eclipsed, and 
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the day light gives place ta^ darkness, while the moon's 
shadow is passing over us. '• 

/"^ben, on the contrary^-tHe earth is between the sun and 
the moon, it is we who intercept the sun's rays, and cast a 
shadow on the moon; the moon in then darkened, she dis- 
aj^ars from our view, and is eclipsed. 

Emily. But as the moon goes round' the earth every 
month, she must be once during that time between the earth 
and the sun, and the earth must likewise be once between 
the sun and the moon, and yet we have not a solar and a lu- 
nar eclipsc^every month? 

Mrs, B: The orbits of the earth and moon are not exact- 
ly parallel^ Vot cross or intersect each other; and the moon 
generally passes either above or below the earth when she 
b in conjunction with the sun, and does not therefore inter* 
ceptthe sun's rays, and produce an eclipse; for this can 
take place only when the earth and moon are in conjunc- 
tion in that part of their orbits which cross each other* (call- 
ed the nodes of their orbits) because it is then only, that 
they are both in a right line with the sun. 

JBmi/y. An^ a partial eclipse takes place, I suppose, 
when the moon, in passing by the earth, is not sufficiently 
above or below the earth's shadow entirely to escape it? 
^i- Mrs. B. Yes, one edge of her disk then dips into the 
'.shadow, and is eclipsed; but as the earth is larger than the 
moon, when the eclipse happens precisely at the nodes, they 
a^^DOt only total, but last for some length of time. 
/ When the sun is eclipsed, the total darkness is confined 
W-ene particular part of the earthy evidently showing that 
the moon is smaller than the earth, shice she can not entire- 
ly screen it from the sun. In fig. 1, pi. XII. you will find 
i & solar eclipse described; S is the sun, M the moon, and 
I Ethe earth; and the moon's shadow, you see, is not large 
^OQgh to cover the earth. The lunar eclipses, on the con- 
tf>7, are visible from every part of the earth, where the 
i 'QOOQ is above the horizon; and we discover by the length 
of time which the moon is passing through the earth's shadow, 
^ftt it would be sufficient to eclipse her totally, were she 47 
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times her actual size; it follows thorefore that the earth it ; 
47 times the size of the moon 4 y \ 

In fig. 2j S represents the bub^ ivhich pours forih raji of ; 
light in straight lines in every direction. £ is the earthy J 
and M the moon. Now a ray of light coming from one ex*', 
tremity of the sun's disk in the direction A 6, will meet 
another coming from the opposite extremity, in the direc- 
tion C B; the shadow of the earth can not therefore extend 
beyond B; as the sun is larger than the earth, the shadow 
of the latter is conical, or the figure of a sugar loaf; H gti-, 
dually diminishes, and is much smaller than the eartfa^heie 
the moon passes through it, and yet we find the moon to be 
not only totally eclipsed, but some length of time in dark- 
ness, and hence we are enabled to ascertain its real dimeo* 
sions. 

Emily. When the moon eclipses the sun to us,~ we molt .' 
be eclipsed to the moon? 

Mrs, B. Certainly; for if the moon intercepts the vatS 
rays, and casts a shadow on us, we must necessarily disap- 
pear to the moon, but only partially, as in fig. 1. 

Caroline. There must be a great number of eclipsei 4 
in the distant planets, which have so many moons? I 

Mrs, B, Yes, few days pass without an eclipse taking 
place; for among the number of satellites, one or the other 
of them are continually passing either between their planet 
and the sun, or between the planet and each other. Astro- .'j 
nomers are so well acquainted with the motioti of the pla- . < 
nets and their satellites, that they have calculated not only 
the eclipses of our moon, but those of Jupiter, with such 
perfect accuracy, that it has afforded a means of ascertain- 
ing the longitude. 

Caroline. But is it not very easy to find both the lati- 
tude and longitude of any place by a map or globe? 

Mrs. B, If you know where you are situated, there is no 
difficulty in ascertaining the latitude or longitude of the 
place by referring to a map; but supposing that you had 
been a length of time at sea, interrupted in your course bj 
storms, a map would afibrd you very little assistance in diff- 
corering where you were. 
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Qardine, Under such circumstances, I confess I should 
be equally at a loss to discover either latitude or longitude. 

Mrs. B. /^he latitude may be easily found by taking 
the aititudeV^f the pole; that is so say, the number of degrees 
that it is elevated above the horizon, for the pole appears 
more elevated as we approach it, and less as v^e recede 
from it. ' 

CaroNfie. But unless you can see the pole, how can you 
take its altitude? 

Mrs. B, I The north pole points constantly towards one 
particular part of the heavens in which a star is situated, 
.called the Polar Star: this star is visible on clear nights 
from every part of the northern hemisphere, the altitude of 
the polar star is therefore the same number of degrees as 
that of the pole; the latitude may also be determined by ob- 
servations made on the sun or any of the fixed stars: the 
sitaation therefore of a vessd at sea, with regard to 
'BOfth and south, is easily ascertained^ The difficulty is re- 
specting east and west, that is to say, its longitude. As 
ive have no eastern poles from which we can reckon our 
dbtanee, some particular spot must be fixed upon for that 
parpose. The English reckon from the meridian of Green- 
wich, kbere the royal observatory is situated; in French 
you will find that the longitude is reckoned from Paris. 

le rotation of the earth on its axis in 24 hours from 

west io east, occasions, you know, an apparent motion of 
I the nun and stars in a contrary direction, and the sun ap- 
*peai»to go round the earth in the space of 24 hours, pass- 
ing over fifteen degrees, or a twenty-fourth part of the 
earth's circumference every hour; therefore, when it is twelve 
o'clock in London, it is one o'cloclc in any place situated fif- 
teen degrees to the east of London, as the sun must have 
passed the meridian of that place an hour before he reaches 
that of London. For the same reason it is eleven o'clock 
in any place situated fifteen degrees to the west of Lon- 
don, as the sun iVill not come to that meridian till an hour 
later. 

/^ If then the captain of a vessel at sea, could know precise- 
j(f what was the hour at London, he could, by looking a.t 
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bis watch, and comparing it with the hour of the spot in 
which he was, ascertain the longitude. 

Emily. But if he had not altered his watch, since he 
sailed from London, it would indicate the hour it was then 
in London. 

Mrs. B. True; but in order to know the hour of the 
day of the spot in which he is, the captain of a vessel regu* 
]ates his watch by the sun when it reaches the meridiaD. . 

EmUy, Then if he had two watches, he might keep one 
regulated daily, and leave the othep unaltered; the former 
would indicate the hour of the place in which he was situ- 
ated, and the latter the hour of London; and by compariDg.-y 
them together, he would be able to calculate bis longitude. / 

Mrs, B, You have discovered, Emily, a mode of find- 
ing the longitude, which I have the pleasure to tell you, if 
universally adopted: watches of a superior constructioOi 
called chronometers, or tinif-keepers, are used for this par- 
pose; but the best watches are liable to imperfectioDB, and 
should the time-keeper go too fast or too slow, there woidd 1 
be no means of ascertaining the error; implicit reliance citt ^ 
not consequently be placed upon them. I 

Recourse is therefore had to the eclipses of Jupiter^a sa* i 
tellites. A table is made of the precise time at which the j 
several moons are eclipsed to a spectator at London; when i 
they appear eclipsed to a spectator in any other spot,, he ^ 
may, by consulting the table, know what is the hoar it [ 
London; fo&the eclipse is visible at the same moment from 
whatever place on the earth it is seen. He has then only 
to look at the watch which points out the hour of the place < 
in which he is, and by observing the difference of time ' 
there, and at London, he may immediately determine his 
longitude. 

Let us suppose, that a certain moon of Jupiter is always 
eclipsed at six o'clock in the evening; and that a man at 
sea consults his watch, and finds that it is ten o'clock at 
night, where he is situated, at the moment the eclipse takes 
place; what will be his longitude? 

Emily, That is four hours later than in London: foiar 
times Gfteea degrees make 60*, \\t >NQ\Ad^ vW^fote^ be sixty : 
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degrees east of London, Tor the sun must have passed his 
meridian before it reaches that of London. 

Mrs. B^ For this reason the hour is always later than 
in London,^>when the place is east longitude, and earlier 
when it is west longitude. Thus the longitude can be as« 
eertained whenever the eclipses of Jupiter's moons are 
visible. / 

Batti is not only the secondary planets which produce 
tielipses, for the primanr planets near the sun eclipse hiin 
ioi imose at a greater dffiance when they come in conjunc- 
tion in the nodes of their orbits, 4>ut as the primary planets 
ire much longer in performing their course round the sun, 
Aaif the satellites in going round their primary planets, these 
eclipses very seldom occur. Mercury and Venus have how- 
ever passed in a right line between us and the sun, but be-. 
iDg at so great a distance from us, their shadows did not 
o^nd so far as the earth; no darkness was therefore pro- 
doced on any part of our globe; but the planet appeared like 
t small black spot, passing across the sun's disk; this is 
called a transit of the planet. 

' It was by the last transit of Venus, that astronomers 
wg fM e nabled to calculate with some degree of accuracy the 
distance of the earth from the sun, and the dimensions of 
the latter. 

Emily, I have heard that the tides are aflfefted hy the 
moon, but I can not conceive vf hat influence it can have on 
them. • 

JWtb, B. ' They are produced by the moon's attraction, 
which dratesimthe waters in a protuberance. 

Caroline. Does attraction act on water more power- 
fatly thin on land? I should have thought it would have 
been just the contrary,, for land is certainly a more dense 
hod J than water? ^ 

Mh, JB.^... Tides do not arise from water being more 
Mrongly attracted than land, for this certainly is not the 
case; but the cohesion of fluids bfing much less than that 
gf solid bodies, they more easily yitld to the power of gra- 
vity, ID consequence of which, the waters immediately be- 
low the moon are drawn up by it in a pcolvi|i)t\^\L^^^ ^\^- 
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ducing a Tull tide, or what is commonly called high water, 
at the spot where it happens. ■. So far the theory of the tides 
is not difficult to understand./ 

CaroKne, On the contrsty, nothing can be more simple; 
the waters, in order to rise up under the moon, must draw 
the waters from the opposite side of the globe, and occasion 
ebb-tide, or low water in those parts. ' 

Mrs. B, You draw your conclusion rather too hastily, 
my dear; for according to your theory, we should have full 
tide only once in twenty-four hours^hat is, every time that 
we were below the moony»whi1e we find that we have two 
tides in the course of twenty-four hours, and that it is high 
water with us and with our antipodes at the same timet 

Caroline. Yet it must be impossible for the moon to 
attract the sea in opposite parts of the globe, and in opposite 
directions at the same time. 

Mrs. B. This opposite iSde is rather more difficult to. 
explain, than that which is drawn up beneath the mooo; 
with a little attention, however, I hope I shall be able to. 
make you understand it. 

You recollect that the earth and moon are mutually at- 
tracted towards a point, their common centre of gravity aod 
of motion; can you tell me what it is that prevents their 
meeting and uniting at this point? 

EmUy. fTheir projectile foi^;e, which gives them a ten- 
dency to fly from this centrA 

Mrs, jB. 9And is hence called their centrifugal force. 
Now we know that the centrifugal force increases in pro- 
portion to the distance from the centre of motionil - 

Caroline. Yes, I recollect your Explaining tbat to us, 
and illustrating it by the motion of the flyers of a wi^d-mill, 
and the spinning of a top. 

Emily. ^And it was but the other day you showed us 
that bodies weighed less at the equator than in the polar 
regions, in consequence of the increased centrifugal force 
in the equatorial parts. ^ 

Mrs. jB. Very well.# The power of attraction, on the 
contrary, increases as the distance from the centre of gravi- 
t/ diminishes^ when, therefore, the two centres of gravity 
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and of motion are in the same spot, as is the case with re- 
gard to the moon and the earth, the centrifugal power and 
those of attraction, will be in inverse proportion to each 
other; that is to say, where the one is strongest, the other 
will be weakest. 

J^mily. Those parts of the ocean, then, which are most 
strongly attracted will have least centrifugal force, and those 
parts which are least attracted, will have the greatest cen- 
trifugal force. 

Mrs. B.^In order to render the question more simple, 
let Q8 suppose the earth to be every where covered by the 
ocean, as represented in (fig. 3. pi. XII.) M is the moon, 
A B C D the earth, and X the common centre of gravity 
and of motion of these two planets. Now the waters on 
the surface of the earth, about A, being more strongly at- 
tracted than any other part, will be elevated: the attraction 
of the moon at B and C being less, and at D least of all. 
But the centrifugal force at D, will be greatest, and the 
waten there, will in consequence have the greatest tenden- 
cy to recede from the moon; the waters at B and C will 
have less tendency to recede, and at A least of all. The 
waters, therefore, at D, will recede furthest, at the same 
time that they are least attracted, and in consequence will 
be elevated in a protuberance similar to that at A.I 

Emily. The tide A, then, is produced by the moon^s at- 
traction, and increased by the feebleness of the centrifugal 
power in those parts; and the tide D is produced by the 
eentrifugal force, and increased by the feebleness of the 
moon's attraction in those parts. 

Caroline, And when it is high water at A and D, it is 
low water at B and C: now I think I comprehend the na- 
ture of the tides again, though I confess iiji; not quit so easy 
M I at first thought. i 

But, Mrs. B., why does not the sun produce tides as well 
ai the moon; tor its attraction is greater than that of the 
moon. 

Mrs, B./ It would be at an equal distance, but our vi- 
cinithr to the moon makes her influence more powerful. /QThe 
tan nas however, a oonsiderable effect on the tidesi and lev- 
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/ creases or diminishes them as it acts in conjunction with, or 
in opposition to the moon. ^ 

EmUy. . I do not quite understand that. 

Mrs. B. ^be moon is a month in going round the earth; 
twice during that time, therefore, at full and at change, she 
is in the same direction as Ihe sun, both then act in con- 
junction on the earth, and produce very great tides, called 
r spring tides, as described in fig. 4, at A and B; but when the , 
^ moon is at the intermediate parts of her orbit, the sun, in- 
stead of affording assistance, weakens her poi^ier by acting 
in opposition to it; and smaller tides are produced, called 
r neap tides, as represented in fig. 5. 1 

Emily. I have often observed the difference •f these 
tides when I have been at the sea side. 

But since attraction is mutual between the moon and the 
earth, we must produce tides in the moon; and these must 
be more considerable in proportfon as our planet is largw. 
And yet the moon does not appear of an oval form. 

JVfrs. B. You must reccoUect, that in order to render the 
explanation of the tides clearer, we suppose the whole sur- 
face of the earth to be covered with the ocean; but that is 
not really the case, either with the earth or the moon, and 
the land which intersects the water destroys the regularity 
of the efljBCt. 

Caroline. True; wc may, however be certain that when- 
ever it is high water the moon is immediately over our heads. 

Mrs. B. Not so either; for as a similar effect is pro- 
duced on that part of the globe immediately beneath the 
moon, and on that part most distant from it, it can not be 
over the heads of the inhabitants of both those situations at 
the same time. Besides, as the orbit of the moon is very 
nearly parallel to that of the earth, she is never vertical but 
to the inhabitants^ the torrid zonei in that climate, there- 
fore, the tides are greatest, and they diminish as you recede 
from it and approach the poles. 

Caroline. In the torrid zone, then, I hope you will grant 
that the moon is immediately over, or opposite the spots 
whejyB it is high water? 

Mrs, p. I can not even admit that; for the ocean natu- 
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rally partaking of the earth's motion, in its rotation from 
west to east, the moon, in forming a tide, has to contend 
against the eastern motion of the waves. All matter, you 
know, by its inertia, makes some resistance to a change of 
state; the waters, therefore, do not readily yield to the attrac- 
tion of the moon, and the effect of her influence is not com- 
plete till three hours after she ha» passed the meridian, 
where it is full tide. 

EmUy, Pray what is the reason that the tide b three- 
quarters of an hour later every day? 

Mrs. B, Because it is twenty^four hours and three- 
quarters before the same meridian on our globe returns be- 
neath the moon. The earth revolves on its axis in about 
twenty-four hours; if the moon were stationary, therefore, 
the same part of our globe would, every twenty-feur hours, 
return beneath the moon, but as during our daily revolution 
the moon advances in her orbit, the earth must make more 
than a complete rotation in order to bring the same meridian 
opposite the moon: we are three-quarters of an hour in over- 
taking her. The tides, therefore, are retarded for the same 
reason that the moon rises later by three-quarters of an hour 
every day. 

We have now, I think, concluded the observations I had 
to make to you on the subject of astronomy; at our next in- 
terview, I shall attempt to explain to you the elements of hy« 
drostatics. 
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MRS. B, 

We have hitherto confined our attention to the mechani- 
cal properties of solid bodies, which have been illustrated, 
and, I hope, thoroughly impressed upon your memory, by the 
conversations we have subsequently had on astronomy. It 
will now be necessary for me to give you some account of 
the mechanical properties of fluids — a science which is call- 
ed hydrostatics. A fluid is a substance which yields to the 
slightest pressure. If you dip your hand into a basin of 
water, you are scarcely sensible of meeting with any resist- 
ance. 

EfnUy. The attraction of cohesion is then, I suppose, 
less powerful in fluids than in solids.^ 

Mrs. B. Yes; fluids, generally speaking, are bodies of 
less density than solids. From the slight cohesion, of tho 
particles of fluids, and the facility with which they slide 
over each other, it is inferred, that they must be small, smooth, 
and globular; smooth, because there appears to be little or 
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no friction among them; and globular^ because touching each 
other but bj a point would account for the slightness of their 
cohesion. J 

Caroliifie, Pray what is the distinction between a fluid 
and a liquid? 

Mrs, B, Liquids comprehend only one class of fluids. 
There is another class distinguished by the name of elastic 
fluids, or gases, which comprehends the air of the atmos- 
phere, and ail the various kinds of air with which you will 
become acquainted when you study chemistry. . Their me- 
chanical properties we shall examine at our next meeting, 
and confine our attention this morning to those of liquids, or 
non-elastic fluids. 

/ Water, and liquids in general, are scarcely susceptible of . 
Deing compressed, or squeiezed into a smaller space than 
that which they naturally occupy, ;Ttiis is supposed to be 
owing to the extreme minuteness bf their particles, which, 
father than submit to compression, force their wavthrough 
the pores of the substance which confines them. , /This was 
shown by a celebrated experiment, made at Florence many 
years ago. A hollow globe of gold was filled with water, 
and on its being submitted to great pressure, the water was 
seen to exude through the pores of the gold, which it cover- 
ed with a fine dew. ; Fluids gravitate in a more perfect 
manner than solid bodies; for the strong cohesive attraction 
of the particles of the latter in some measure counteracts the 
effect of gravity. - In this table, for instance, the cohesion 
of the particles t)f wood enables four slender legs to support 
a considerable weight. Were the cohesion destroyed, or, 
in other words, the wood converted into a fluid, no support 
could be aflbrded by the legs, for the particles no longer 
cohering together, each would press separately and inde- 
pendently, and would be brought to a level with the surface 
of the earth. 

Emily, This want of cohesion is then the reason why 
fluids can never be formed into figures, or maintained in 
heaps; for though it is true the wind raises water into waves, 
they are immediately afterwards destroyed by gravity, and 
water always finds its level. 

12* 
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Mrs, B. Do you understand what is meant by the levely 
or equilibrium of fluids? 

EmUy. I believe I do, though I feel rather at a loss to 
explain ii. Is not a fluid level when its surface is smooth 
and flat, as is the case with all fluids when in a state of rest? 

Mrs, B, Smooth, if you please, but not flat; for the defi- 
nition of the equilibrium of a fluid i^hat every part ef the 
surface is equally distant from the plTint to which gravi^ 
tends, that is to say, from the centre of the earth; hence the 
surface of all fluids must be bulging, not flat,j[ince they will 
partake of the spherical form of the globe^This is very 
evident in large bodies of water, such as the ocean, but the 
spericity of small bodies of water is so trifling, that their 
surfaces appear flat. 

This level, or equilibrium of fluids is the natural result of 
their particles gravitating independently ef each otherNbr 
for when any particle of a fluid accidentally finds itsc4fele- 
vated above the rest, it is attracted down to the level of the 
surface of the fluid, and the readiness with which fluids yield 
to the slightest impression, will enable the particle by its 
weight to penetrate the surface of the fluid and mix with it. 

Caroline. Bui I have seen a drop of oil float on the sur- 
face of water without mixing with it. 

Mrs, B-^ That is, because oil is a lighter liquid than 
water. If you were to pour Water over it, the oil would 
rise to the surface, being forced up by the superior gravity of 
the water. Here is an instrument called a water-level (fig. 
1. plate XIII.) which is constructed upon the principle of 
the equilibrium of fluids. It consists of a short tube A B, 
closed at both ends, and containing a little water; when the 
tub is not perfectly horizontal the water runs to the lower 
end, and it is by this means that the level of any situatioUi 
to which we apply the instrument, is ascertained. ^ 

Solid bodies vott may, therefore, consider as gravitating 
in masses, for the strong cohesion of their particles makes 
them weigh altogether, while every particle of a fluid may be 
considered as composing a separate mass, gravitating inde- 
pendently of each other. \ Hence the resistance of a fluid is 
CQDsiderMy Jess than tWt of 9l ftoVvd V^^^ *, fot tbA t^^Utance 
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of the particles acting separately, they are more easily over- 
come. 

Emity. A body of water, in falling, does certainly less 
injury than a solid body of the same weight. 

Mrs, B/ The particles of fluids acting thus independent- 
ly, press against each other in every direction, not only down- 
wards but upwards, and laterally or sideways; and in conse- 
quence of this equality of pressure, every particle remains at 
rest in the fluid. If you agitate the fluid you disturb this 
equality of pressure, and the fluid will not rest till its equili- 
brium is restored. 

Caroline. The pressure downwards is very natural; it is 
the effect of gravity, one particle weighing upon another 
presses on it; but the pressure sideways, and particularly 
the pressure upwards, I can not understand. 

Jilrs, B. If there were no lateral pressure, water would 
not run out of an opening on the side of a vessel. If you 
fill a vessel with sand, it will not run out of such an open- 
ing, because there is scarcely any lateral pressure among its 
.particles. .» 

EniUyi, When water runs out of the side of a vessel, is 
it not owing to the weight of the water above the opening? 

Mrs. B:^ If the particles of fluids were arranged in regu- 
lar columil»4huft, (fig. 2.) there would be no lateral pressure, 
for when one particle is perpendicularly above the other, it 
can only press downwarus; but as it must continually hap- 
pen that a particle presses between two particles beneath, 
(fig. 3.) these last must suffer a lateral pressure. 

JEmUy. The same as when a wedge is driven into a 
piece of wood, and separates the parts laterally. 

Mrs, B, Yes. The lateral pressure proceeds, therefore, 
entirely from the pressure downwards, or the weight of the 
liquid above; and consequently the lower the orifice is made 
in the vessel, the greater will be the velocity of the water 
rushing out of it. Here is a vessel of water (fig. 5.), with 
three stop cocks atxiifierent heights; we shall open them, 
and you will see with what different degrees of velocity the 
water issues from them. Do you understand this, Caroline? 

Caroline, Ob yes. The water from the upper SQOut re- 
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ceiving but a slight pressure, on account of its Ticinity to 
the surface, flows but gently; the second cock having a 
greater weight above it, the water Is forced out with greater 
velocity, whilst the lowest cock being near the bottom of 
the vessel receives the pressure of almost the whole l>odj of 
water, and rushes out with the greatest impetuosity. 

Mrs. B. Very well; and you must observe, that as the 
lateral pressure is entirely owing to the pressure downwards, 
it is not effected by the horizontal dimensions of the vessel, 
which contains the water, but merely by its depth; for as 
every particle acts independently of the rest, it is only the 
column of particles, immediately above. the orifice, that can 
weigh upon and press out the water. 

EmUy. The breadth and width trf* the vessel then can 
be of no consequence in this respect. The lateral pressure 
on one side, in a cubical vessel, is, I suppose, not so great 
as the pressure downwards. 

Mrs. B. No; in a cubical vessel the pressure downwards 
will be double the lateral pressure on one side; for every 

f)article at the bottom of the vessel is pressed upon by a co« 
umn of the whole depth of the fluid, whilst the lateral pres- 
sure diminishes from the bottom upwards to the surface, 
where the particles have no pressure. 

Caroline. And from whence proceeds the pressure of 
fluids upwards? that seems to me the most unaccountablci , 
as it is in direct opposition to gravity. 

Mrs. B, And yet it is in consequence of their pressure 
downwards. When, for example, you pour water into a tea- 
pot, the water rises in the spout to a level with the water in 
the pot. The particles of water at the bottom of the pot 
are prtissed upon by the particles above them; to this pres- 
sure they will yield, if there is any mode of making way for 
the superior particles, and as they can not descend, they will 
change thtir direction and rise in the spout. 

Suppose the tea-pot to be filled with columns of particles 
of water similar to that described in fig. 4., the particle 1 
at the bottom will be pressed laterally by the particle 2, 
and by this pressure be forced into the spout, where meet- 
ing with the particle 3, it presses it upwards, and this pres- 
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sure will be continued from 3 to 4, from 4 to 5, and so on 
till the water in the spout has risen to a level with that in 
the pot. ' \ 

Emily, Ujjt were not for this pressure upwards, forcing 
the water to me in the spout, the equilibrium of the fluid 
would be destroyed. 

Caroline^ True; but then a tea-pot is wide and large, 
and the height of so great a body of water as the pot will 
contain, may e^ily force up and support so small a quantity 
H will fill the spout. But would the same effect be pro- 
duced if the spout and the pot were of equal dimensions? 

Mrs. B. Undoubtedly it would. You may even reverse 
L the experiment by pouring water into the spout, and you 
will find that the water will rise in the pot to a level with 
that in the spout; for the pressure of the small quantity of 
water in the spout will force up and support the larger quan- 
tity in the pot. In the pressure upwards, as well as that 
laterally, you see that the force of pressure depends entirely 
OB the height, and is quite independent of the horizontal 
dimensions of the fluid. 

As a tea-pot is not transparent, let us try the experiment 
by filling this large glass goblet by means of this narrow tube, 

(fig. 6.) 

Caroline. Look, Emily, as Mrs. B. fills it, how the wa- 
ter rises in the goblet, to maintain an equilibrium with that 
ik the tube. 

Now, Mrs. 6., will you let me fill the tube by pouring 
water into the goblet? 

Mrs. B. That is impossible. However, you may try 
tile experiment, and I doubt not but that you will be able to 
aeeonnt for its failure. 

Caroline. It is very singular, that if so small a column 
of water as is contained in the tube can force up and sup- 
pntthe whole contents of the goblet; that the weight of all 
the water in the goblet should not be able to force up the 
small quantity required to fill the tube: — oh, I see now the 
reason, the water in the goblet can not force that in the tube 
libotre its level, and as the end of the tube is considerably 
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higher than the goblet, it can never be filled by pouring v?a- 
ter into the goblet. 

Mrs. B And if you continue to pour water intD the gob- 
let when it is, full, the water will run over instead of rising 
above the level in the tube. 

I shall now explain to you the meaning of the speciju 
gravity of bodies. 

Caroline, What! is there another species of gravity with 
which we are not yet acquainted? 

Mrs, B, No: the specific gravity of a body, means sim- 
ply its weight compared with that of another body of the 
same size. When we say, that substances such as lead and 
stones are heavy, and that others, such as paper and fea- 
thers, are light, we speak comparatively; that is to say, that 
the first are heavy, and the latter light, in comparison with 
the generality of substances in nature. Would you caD 
wood and chalk light or heavy bodies? 

Caroline, Some kinds of wood are heavy certainly, tf 
oak and mahogany; others are light, as deal and box. 

Emily. I think I should call wood in general a heavy 
body, for deal and box are light only in comparison to wood 
of a heavier description. I am at a loss to determine whe- 
ther chalk should be ranked as a heavy or a light body; I 
should be inclined to say the former, if it was not that itii 
lighter than most other minerals. I perceive that we have 
but vague notions of light and heavy. I wish there was 
some standard of comparison, to which we could refer the 
weight of all other bodies. 

Mrs. B. The necessity of such a standard has beenio' 
much felt, that a body has been fixed upon for this purpose. 
What substance do you think would be best calculated to 
answer this end? 

Caroline, It must be one generally known and easily 
obtained, lead or iron, for instance. 

Mrs. B. All the metals expand by heat, and condense 
by cold. A piece of lead, let us say a cubic inch, for in- 
stance, would have less specific gravity in summer than is 
winter; for it would be more dense in the latter season. 
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Caroline, But, Mrs. B., if you compare the weight of 
equal quantities of different bodies, they will ail be alike. 
You know the old saying, that a pound of feathers is as heavy 
as a pound of lead? 

Jtfrff. B. When therefore we compare the weight of 
different kinds of bodies, it would be absurd to take quanti- 
ties of equal weighty we must take quantities of equal biUk; 
pints or quarts, not ounces or pounds. 

Caroline. Very true; I perplexed myself by thinking that 
qaantity referred to weight, rather than (b measure It is 
true, it would be as absurd to compare bodies of the same 
size in order to ascertain which was largest, as to compare 
bodies of the same weight in order to discover which was 
heaviest. 

JUrs. B. In estimating the specific gravity of bodies, 
therefore, we must compare equal bulks, and we shall find 
Aat their specific gravity will be proportional to their 
weights. The body which has been adopted as a standard 
of reference is distilled water. 

Emily. I am surprised that a fluid should have been 
chosen for this purpose, as it must necessarily be contained 
io some vessel, and the weight of the vessel will require to 
be deducted. 

Mrs, B, In order to learn the specific gravity of a solid 
body, it is not necessary to put a certain measure of it in 
one scale, and an equal measure of water into the other 
icale: but simply to weigh the body under trial in water. 
If you weigh a piece of gold in a glass of water will not the 
. gold displace just as much water as is equal to its own bulk? 

Caroline. Certainly, where one body is, another can not 
be at the same time; so that a sufBcient quantity of water 
must be removed, in order to make way for the gold. 

MrM. B. Yes, a cubic inch of water to make room for a 
cubic inch of gold; remember that the bulk alone is to be 
considered, the weight has nothing to do with the quantity 
of water displaced, for an inch of gold does not occupy more 
space, and therefore will not displace more water than an 
inch of ivory, or any other substance, that will sink in water. 
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Well, you will perhaps be surprised to hear that the gold 
will weigh less in water, than it did out of it? 

Emily. And for what reason? 

Mrs, B. On account of' the upward pressure or the par- 
ticles of water, which in some noieasure supports the gold, 
and bj so doing, diminishes its weight. If the body im- 
mersed in water was of the same weight Sis that fluid, it 
would be wholly supported by it, just as the water which it 
displaces was supported previous to its making way for the 
solid body. If the body is heavier than the water, it can not 
be wholly supported by it; but the water will offer some re- 
sistance to its descent. - 

Caroline. And the resistance which water offers to the 
descent of heavy bodies immersed -in it, (since it proceeds 
from the upward pressure of the particles of the fluid), must 
in all cases, I suppose, be the same? 

Mrs. B. Yes: the resistance of the fluid is proportioned 
to the bulk, and not to the weight of the body immersed Id 
it; all bodies of the same size, therefore, lose the same 
quantity of their weight in water. Can you form any idea 
what this loss will be. 

Emily. I should think it would be equal to the weight 
of the water displaced; for, since that portion of the watei 
was supported before the immersion of the solid body, an 
equal weight of the solid body will be supported. 

Mrs. B. You are perfectly right; a body weighed in wa- 
ter loses just as much of its weight, as is equal to that ol 
the water it displaces; so that if you were to put the watei 
displaced into the scale to which the body is suspendad, i1 
would restore the balance. 

You must observe, that when you weigh a body in water 
in order to ascertain its specific gravity, you must not siol 
the bason of the balance in the water; but either suspenc 
the body to a hook at the bottom of the bason, or else tab 
off the bason, and suspend it to the arm of the balance, (fig 
7.) Now suppose that a cubic inch of gold weighed li 
ounces out of water, and lost one ounce of its weight by be- 
ing weighed in water, what would be its specific gravity? 

Carotim. The cubic inch of water it displaced mui 



UKCHAmCAL PROPERTIES OF FLUIDS. 141 

weigh that one ounce; and as a cubic inch of gold weighs 
19 ounces, gold is 19 times as heavy as water. 

EmUy. I recollect having seen a table of the compara- 
tive weights of bodies, in which gold appeared to me to be 
estimated at 19 thousand times the weight of water. 

JHfrs. B. You misunderstood the meaning of the table. 
In the estimation you allude to, the weight of water was 
reckoned at 1000. You must observe, that the weight of 
a substance when not compared to that of any other, is per- 
hcAj arbitrary; and when water is adopted as a standard, 
We may denominate its weight by any number we please; 
but then the weight of all bodies tried by this standard must 
be signified by proportional numbers. 

Caroline. We may call the weight of water, for exam- 
ple, one, and then that of gold would be nineteen; or if we 
choose to call the weight of water 1000, that of gold would be 
19,000. In short, the specific gravity means how much 
more a body weighs than an equal bulk of water^ 

MSrs, B. It id rather the weight of a body compared with 
that of water; for the specific gravity of many substances is 
less than that of water. 

Caroline. Then you can not ascertain the specific gra- 
vity of such substances in the same manner as that of gold; 
for a body that is lighter than water will float on its surface 
without displacing any water. 

Jifrs, B, If a body were absolutely light, it is true that 
it would not displace a drop of water, but the bodies we are 
treating of have all some weight, however small; and will 
dierefore, displace some quantity of water. If the body be 
lighter than water, it will not sink to a level with the sur- 
face of the water, and therefore it will not displace so much 
water as is equal to its bulk; but it will displace as much as 
if equal to its weight. A ship, you must have observed, 
liaks to some depth in water, and the heavier it is laden the 
deeper it sinks, as it always displaces a quantity of water 
equal to its* weight. 

CarcUne. But you said just now, that in the immersion 
of gold, the bulk, and not the weight of body^ was Jo be 
considered. 

13 
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Mrs. B. That is the case with all substance which are 
heavier than water; but since those which are lighter do 
not displace so much as their own bulk, the quantity thej 
displace is not a test of their specific gravity. 

In order to obtain the specific gravity of a body which is 
lighter than water, you must attach to it a heavy one, whose 
specific gravity is known, and immerse them together; the 
specific gravity of the lighter body may then be easily cal* 
culated. 

EmUy, But are there not some bodies which have ex- 
actly the same specific gravity as water? 

Mrs, B. Undoubtedly; and such bodies will remain at 
rest in whatever situation they are placed in water. Here 
is a piece of wood which by being impregnated with a little 
sand, is rendered precisely ofthe weight of an equal bulk of 
water; in whatever part of this vessel of water you place it, 
you will find that it will ren^ain stationary. 

Caroline. I shall first put it at the bottom; from thence, ' 
of course, it can not rise, because it is not lighter than wa- 
ter. Now I shall place it in the middle of the vessel; it nei- 
ther rises nor sinks, because it is neither lighter nor heavier 
than the water. Now I will lay it on the surface of the wa^ 
ter; but there it sinks a little — what is the reason of that, 
Mrs. B.? 

Mrs B, Since it is not lighter than the water, it can 
not float upon its surface; since it is not heavier than water, 
it can not sink below its surface: it will sink therefore, only 
till the upper surface of both bodies are on a level, so that 
the piece^ of wood is just covered with water. If you pour- 
ed a hsv drops of water into the vessel, (so gently as not to 
increase their momentum by giving them velocity) they 
would mix with the water at the surface, and not sink lower. 

Caroline. This must, no doubt, be the reason whv io 
drawing up a bucket of water out of a well, the bucket feels 
so much heavier when it rises above the surface of the wa- 
ter in the well; for whilst you raise it in the water, the water 
within the bucket being of the same specific gravity as the 
water on the outside, will be wholly supported by the up- 
ward pressure of the water beneath the bucket, and conse* 
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quently very little force will be required to raise it; but as 
soon as the bucket rises to the surface of the well, you im- 
mediately perceive the increase of weight. 

Emily, 'And how do you ascertain the specific gravity 
of fluids? 

Mrs. B. By means of an instrument called an hydro- 
meter, which I will show you. It consists of a thin glass 
ball A, (fig. 8, plate XIII.) with a graduated tube B, and 
the specific gravity of the liquid is estimated by the depth 
to which the instrument sinks in it. There is a smaller ball, 
C, attached to the instrument below which contains a little 
mercury; but this is merely for the purpose of equipoising 
the instrument, that it may remain upright in the liquid un- 
der trial. 

I must DOW take leave of you; but there remain yet many 
observations to be made on fluids: we shall, therefore re- 
same this subject at our next interview. 
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OF SPRINGS, FOUNTAINS, &c. 

»»1 THE ASCEKT OP VAPOnn AWD TBE tOBMATIOK OF CEOTTDS.— OP THE tOB- 

MATION ANM PALL OP RAIN, &C. OP THB FOBMATION OP Sf BIKGS.-^Ofl 

DlViiHS AND L^AKZS.— 'OP FOUNTAIN 8. 

CAROLINE. 

TherI': Is a question I am very desirous of asking you re- 
rcspecting fluids, Mrs. B., which has often perplexed* me. 
What is the reason that the great quantity of rain which falU 
upon the earth and sinks into it, does not, in the course of 
time, injure its solidity? The sun and the wind, I know, dry 
the surface, hut they have no effect on the interior parts, 
where there must be a prodigious accumulation of moisture. 

Mrs, Bi' Do you not know that, in the course of time, 
all the water which sinks into the ground rises out of it again? 
It is the same water which successively forms seas, rivers, 
springs, clouds, rain, and sometimes hail, snow and icey If 
you will take the trouble of following it through these various 
changes, you will understand why the earth is not yet 
drowned by the quantity of water which has fallen upon it 
since its creation; and you will even be convinced, that it 
does not contain a single drop more water now, than it did 
at that period. 

Let us consider how the clouds were originally formed. 
When the first rays of the sun warmed the surface of the 
eartlK the heat, br separating the particles of water, render- 
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ed them lighter than the air. This, you know, is the case 
with steam or^apour. What then ensues ?« 

Caroliae,^MVhen lighter than the air it will naturally 
rise; and nofw I recollect your telling us in a preceding les- 
son, that the heat of the sun transformed the particles of wa- 
ter into vapour, in consequence of which it ascended into the 
atmosphere, where it formed clouds, y 

Mrs. B. We have then already followed water through 
two of its transformations; from water it becomes vapour, 
and from vapour clouds. 

Emily, But since this watery vapour is lighter than the 
air, why does it not continue to rise; and why does it unite 
again to fonn clouds? 

M[r$. Bl Because the atmosphere diminishes in density, 
as it is ix)i6re distant from the earth. ' The vapour, therefore, 
which the sun causes to exhale, dot only from seas, rivers, 
I and lakes, but likewise from the moisture on the land, rises 
till it reaches a region of air of its own specific gravity; and 
there, you know, it will remain stationary^"" By the frequent 
accession of fresh vapour it gradually aecumulates, so as to 
form those large bodies of vapour, which we call clouds: 
and these, at length, becoming too heavy for the air to support, 
they fall to the ground, y 

Caroline* They do fall to the ground, certainly, when 
it rains; but, according to your theory, I should have im- 
agined, that when the clouds became too heavy for the region 
of air in which they were situated to support them, they 
would descend till they reached a stratum of air of their own 
weight, and not fall to the earth; for as clouds are formed of 
vapour, they can not be so heavy as the lowest regions of 
the atmosphere, otherwise the vapour would not have risen. 

Mrs. B. If you examine the manner in which the clouds 
descend, it will obviate this objectiop. In falling, several 
of the watery particles come within the sphere of each 
other's attraction, and unite in the form of a drop of water. 
The vapour thus transformed into a shower, is heavier than 
any part of the atmosphere, and consequently descends to 
the earth. . 

Caroline. How wonderfully curious! 

13* 
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Ms. B, It is impossible to consider any part of nature 
attentively without being struck with admiration at the wis- 
dom it displayc;; and I hope you will never contemplate these 
wonders without feeling your heart glow with admiratioii 
and gratitude towards their bounteous Author. Observe, 
that if the waters were never drawn out of the earth, all 
vegetation would be destroyed by the excess of moisture; if, 
on the other hand, the plants were not nourished and re- 
freshed by occasional showers, the drought would be equally 
fatal ^to them. If the clouds constantly remained in a 
state of vapour, they might, as you remarked, descend into 
a heavier stratum of the atmosphere, but could never fall to 
the ground; or were the power of attraction more Uian suf- 
ficient to convert the vapour into drops, it would transform 
the cloud into a mass of water, which, instead of nourishing 
ivould destroy the produce of the earth. 
^ Water then ascends in the form of vapour, and descends 
in that of rain, snow, or hail, all of which ultimately become 
water. Some of this falls into the various bodies of water 
on the surface of the globe, the remainder upon the land. 
Of the latter, part reascends in the form of vapour, part is 
absorbed by the roots of vegetables, and part descends into 
the bowels of the earth, where it forms springs. 

Emily. Is rain and spring-water then the same? 

Mrs. B. I'es, originally. The only difference between 
rain and spring water, consists in the foreign particles which 
the latter meets with and d^ssokcs in its passage through 
ihe various soil it traverses. 

Caroline. Ytt spring-water is more pleasant to the taste, 
appears more transparent, and, I should have supposed, 
would have been more pure than rain water. 

Mrs. B. No; excepting distilled water, rain water is the 
most pure we can obtain; and it is its purity which renders 
it insipid, whilst the various salts and different ingredients, 
dissolved in spring water, give it a species of flavour, with- 
out in any degree affecting its transparency, and the filtra- 
tion it undergoes through gravel and sand in the bowels of 
the earth, cleanses it from ail foreign matter which it has 
Xiot the power of dissolvin^j. 
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When rain falls on the surface of the earth, it continues 
making its way downwards through the pores and crevices 
in the ground^/^When several drops meet in their suhter- 
raneous passage, they unite and fbrm a little rivulet; this, in 
its progress, meets with other rivulets of a similar descrip- 
tion, and they pursue their course together in the bowels of 
the earth, till they are stopped by some substance which they 
can not penetrate. / 

Caroline. But you say that water could penetrate even 
the pores of gold, and they can not meet with a substance 
more dense? 

Mrs. B, But water penetrates the pores of gold only 
when under a strong compressive force, as in the Floren- 
tine experimentynow in its passage towards the centre of 
the earth, it is ffcted upon by no other power than gravity, 
which is not sufficient to make it force its way even through 
a stratum of clay« ' This species of earth, though not re- 
markably dense^ being of great tenacity, will not admit the 
particles of water to pass. . ' When water encounters any 
substance of this nature, therefore, its progress is stopped, 
and the pressure of the accumulating waters forms a bea, or 
reservoir. This will be more clearly explained by fig. 9. 

Elate XIII. which represents a section, or the interior of a 
ill or mountain. A, is a body of water such as I have de- 
scribed, which, when filled up as high as 6, (by the continual 
accession of water it receives from the ducts or rivulets a, a, 
a, a,) finds a passage out of the cavity, and, impelled by 
gravity, it runs on, till it makes its way out of the ground at 
the side of the hill, and there forms a spring, C. 

Caroline. Gravity impels downwards towards the centre 
of the earth; and the spring in this figure runs in an hori- 
zontal direction. 

JUrs. B. Not entirely. There is some declivity from 
the reservoir to the spot where the water issues out of the 
ground; and gravity you know will bring bodies down an 
inclined plane, as well as in a perpendicular direction. 

Catoline, But though the spring may descend, on first 
issuing, it roust afterwards rise to reach the surface of the 
earth; and that is in direct opposition to gravitY. 
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Mrs. B./ A spring can never rise above the level of the 
reservoir wnence it issue%|^it must, therefore, find a passage 
to some part of the surface of the earth that is lower or near- 
er the centre than the reservoir. It is true that, in this 
figure, the spring rises in its passage from B to C occasion- 
ally; but this, I think, with a little reflection, you will be 
able to account for. 

Emily,/ Oh, yes; it is owing to the pressure of fluids up- 
wards, afid the water rises in the duct upon the same prin- 
ciple as it rises in the spout of a tea-pot; that is to say, in 
order to^preserve an equilibrium with the water in the re- 
servoir../ Now I think I understand the nature of springs: the 
water will flow through a duct, whether ascending or de- 
scending, provided it never rises higher than the reservoir. 

Mrs. B, Water may thus be conveyed to every part of 
a town, and to the upper part of the houses, if it is originally 
brought from a height superior to any to which it is con- 
veyed. Have you never observed, when the pavements of 
the streets have been mending, the pipes which serve as 
ducts for the conveyance of the water through the town? 

Emily. Yes, frequently; and I have remarked that when 
any of these pipes have been opened, the water rushes up- 
wards from tnem with great velocity, which, I suppose, pro- 
ceeds from the pressure of the water in the reservoir, which 
forces it out. 

Caroline. I recollect having once seen a very curious 
glass, called Tantaluses cup; it consists of a goblet, con- 
taining a small figure of a man, and whatever quantity of 
water you pour into the goblet, it never rises higher than the 
breast of the figure; Do you know how that is contrived? 

Mrs. B. It is by means of a syphon, or bent tube, which 
is concealed in the body of the figure. It rises through one 
of the legs as high as the breast, and there turning, descends 
through the other leg, and from thence through the foot of the 
goblet, where the water runs out. (fig. 1. plate XIV.) When 
you pour water into the glass A, it must rise in the syphon 
£, in proportion*as it rises in the glass; and when the glass 
is filled to a level with the upper part of the syphon, the 
water will run out through the other leg of the figure, and 
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will continue running out, as fast as you pour it in; therefore 
the glass can never fill any higher. 

Emily. I think the new well that has been made at our 
country-house, must be of that nature. We had a great 
scarcity of water, and my father has been at considerable 
expense to dig a well; after penetrating to a great depth 
before water could be found, a spring was at length disco- 
vered, but the water ruse only a few feet above the bottom 
of the well; and sometimes it is quite dry. 

Mrs. B, This has, however, no analogy to Tantalus's 
cup; but is owing to the very elevated situation of your 
country-house. 

Emily. I believe I guess the reason. There can not be 
a reservoir of water near the summit of a hill; as in such a 
situation, there will not be a suiHcleut number of rivulets 
ibrmed to supply one; and without a reservoir, there can be 
10 spring. In such situations, therePjre, it is necessary to 
dig very deep, in order to meet with a spring; and when we 
give it vent, it can rise only as high as the reservoir from 
whence it flows, which will be but little, as the reservoir 
must be situated at some considerable depth below the sum- 
Hit of the hill. 

Caroline. Your explanation appears very clear and 
satisfactory; but I can contradict it from experience. At 
tiie very top of a hill, near our country-house, there is a 
large pond, and according to your theory, it would be im- 
possible there should be springs in such a situation to supply 
It with water. Then you know that I have crossed the 
Alps, and I can assure you, that there is a fme lake on the 
summit of Mount Cenis, the highest mountain we passetl 
over. 

Mrs, B. Were there a lake on the summit of Mount 
Blanc, which is the highest of the Alps*, it would indeed be 
wonderful. But that on Mount Cenis, is not at all contra- 
dictory to our theory of springs; for this mountain is sur- 
rounded by others, much more elevated, and the springs 
which feed the lake must descend from reservoirs of water 
formed in those mountains. This must also be the case 
with the pood on the top of the hill*, iVieie \^ dLQvi^^^^^v:!^^^ 
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more considerable bill in tbe neigbbourbood, wbicb supplies 
it with water. 

Emily, I comprehend perfectly, why the water in our . 
well never rises high: but I do not understand why it shoidd -:. 
occasionally be dry. 

Mrs. B, Because the reservoir from wbicb it flows, be- : 
ing in an elevated situation, is but scantily supplied with \ 
water; after a long drought, therefore, it may be draiDcd« ^ 
and the spring dry, till tbe reservoir be replenished by frtth . 
rains. It is not uncommon to see springs flow with great ] 
violence in wet weather, and at other times be perfectly *' 
dry. - 

Caroline. But there is a spring in our grounds which ' 
more frequently flows in dry than in wet weather; how is ' ^ 
that to be accounted for? 

JMrs. B, Tbe spring probably comes from a reservoir 
at a great distance, and situated very deep in the ground: il 
is, therefore, some length of time before the rain reachei. 
the reservoir, and another considerable portion must elapNi t 
whilst tbe water is making its way, from tbe reservoir toj 
the surface of tbe earth; so that tbe dry weather may prol 
biy have succeeded the rains before the spring begins to floWi^ 
and tbe reservoir may be exhausted by tht time tbe 
weather sets in again. 

Caroline. I doubt not but this is the case, as the spriigv 
is in a very low situation, therefore the reservoir may beli| 
a great distance from it. < 

Mrs. B. Springs which do not constantly flow, are ealled 
intermitting, and are occasioned by the reservoir being ittr] 
perfectly supplied. Independently of the situation, tbiiil' 
always tbe case when the duct or ducts which convey tln-T 
water into the reservoir are smaller than those which cany tT 
it off; L 

Caroline. If it runs out faster than it runs in, it will of jU 
course sometimes be empty. And do not rivers also derive '( 
their source from springs? | ^ 

Mrs. B. Yes, they generally take their source in mouB" ' 
tainous countries where Bprings are most abundant. ^ 
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Caroline. I understood you that springs were more rare 
in eleyated situations. 

Jlfrf. B, You do not consider that mountainous coun- 
tries abound equally with high and low situations. Reser- 
voirs of water, which are formed in the bosoms of moun- 
teioB, generally find a vent either on their declivity, or in 
tte yalley beneath; while subterraneous reservoirs formed in 
•plain, can seldom find a passage to the surface of the earth, 
M remain concealed, unless discovered by digging a well. 
. When a spring once issues at the surface of the earth it 
continues its course externally, seeking always a lower 
.ground, for it can no longer rise. 

ESmUy. Then what is the consequence, if the spring, or 
I should now rather call it a rivulet, runs into a situation, 
; irhich is surrounded by higher ground? 

•/Mrs. B, Its course is stopped, the water accumulates, 
; md it forms a pool, pond, or lake, according to the dimen- 
^lions of the body of water. The lake of Geneva, in all pro- 
bability, owes its origin to the Rhone, which passes through 
%: if, when this river first entered the valley, which now 
ftrms the bed of the Lake, it found itself surrounded by 
kigher grounds, its waters would there accumulate, till they 
ime to a level with that part of the valley, where the Rhone 
now continues its course beyond the Lake, and from whence 
it Jlows through valleys, occasionally forming other small 
lakes till it reaches the sea. 

Mfnily, And are not fountains of the nature of springs? 
• JIfrtf. B, Exactly. A fountain is conducted perpendi- 
•Blariy upwards, by the spout or adjutage A, through which 
h flows; and it will rise nearly as high as the reservoir B, 
ftom whence it proceeds. (Plate XIV. fig. 2.) 

Caroline. Why not quite as high? 

Mrs. B. Because it meets with resistance from the air 
lb its ascent; and its motion is impeded by friction against 
flie spout, where it rushes out. 

Emily. But if the tube through which the water rises be 
SBOotb, can there be any friction? especially with a fluid, 
whose particles yield to the slightest impression. 
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Mrs. B. Friction, (as we observed in a former lesson,) 
may be diminished by polishing, but can never be entirely 
destroyed; and though fluids are less susceptible of friction 
than solid bodies, they are still afiected by it. Another rea- 
son why a fountain will not rise so high as its reservoir, is, 
that as all the particles of water spout from the tube with 
an equal velocity, and as the pressure of the air upon the 
exterior particles must diminish their velocity, they will in 
some degree strike against the under parts, and force them 
sideways, spreading the column into a head, and rendering 
it both wider and shorter than it otherwise would be. 

At our next meeting, we shall examine the mechanical * 
properties of the air, which being an elastic fluid, difiers in 
many respects from liquids. 
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CONVERSATION XII. 



ON THE MECHANICAL PROPERTIES OF AIR. 

•f THE BPBIIfe OB ELASTICITY OF THE AIR. OF THE WKTGHT OF THE AIR. 

— EXPF.RIMENT8 WITH THE AIR PUMP OF THE RAROMETSR.— MODE OF 

WE1GUIXCI AIR. — ^SPECIFIC GRAVITY OF AIR OF PUMPS.— 'DESCRIPTIOX 

OP THE SUCKING PUMP. — DFSCRIPTIOBI OF THE FORCING PUMP. 

MRS. B.. 

At our last meeting we examined the properties of fluids 
h general, and more particularly of such fluids as are called 
liquids. 

There is another class of fluids, distinguished by the name 
<lf aeriform or elastic fluids, the principal of which is the 
%ir we breathe, which surrounds the earth, and is called the 
atmosphere. 

Emily. There are then other kinds of air besides the 
Hmosphere? 

JIffV. B, Yes; a great variety; but they difier only in 
their chemical, and not in their mechanical properties; and 
as it is the latter we are to examine, we shall not at present 
kquire into their composition, but. confine our attention to 
the mechanical properties of elastic fluids in general. 
* Carcivne. And from whence arises this difie rence? 

Mrs. B. There is no attraction of cohesion between the 
pirticles of elastic fluids; so that the expansive power of heat 
MS DO adversary to contend with but gravity; any increase 
•f temperature, therefore, expands elastic fluids prodigiously, 
tnda diminutioD proportionally condenses them. 
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The most essential point in which air differs from other 
fluids, is by its spring or elasticity; that is to say, its power 
of increasing or diminishing in bulk, according as it is more 
or leiss compressed: a power of which I have informed you 
liquids are almost wholly deprived. 

Emily. I think I understand the elasticity of the air veij 
well from what you formerly said of it; but what perplexes 
me is, its having gravity; if it is heavy, and we are surround- 
ed by it, why do we not feel its weight? 

Caroline. It must be impossible to be sensible of the 
weight of such infinitely small particles, as those of which 
the air is composed: particles which are too small to be seeOy 
must be too light to be felt. 

Mrs. B. You are mistaken, my dear; the air is much 
heavier than you imagine; it is true, that the particles which 
compose it are small; but then, reflect on their quantity: the 
atmosphere extends to about the distance of 46 miles from 
the earth, and its gravity is such, that a man of middling 
stature is computed (when the air is heaviest) to sustain the 
weight of about 14 tons. 

Caroline. Is it possible! I should have thought such a 
weight would have crushed any one to atoms. 

J\lrs. B. That would, indeed, be the case, if it were 
not for the equality of the pressure on every part of the body; 
but when thus diffused, we can bear even a much greater 
weight, without any considerable inconvenience. In bathing 
we support the weight and pressure of the water, in addi- 
tion to that of the atmosphere; but because this pressure is 
equally distributed over the body, we are scarcely sensible 
of it; whilst if your shoulders, your head, or any particular 
part of your frame were loaded with the additional weight 
of a hundred pounds, you would soon sink under the fatigue. 
Besides this our bodies contain air, the spring of which 
counterbalances the weight of the external air, and renders 
us less sensible of its pressure. 

Caroline. But if it were possible to relieve me from the 
weight of the atmosphere, should I not feel more light and 
agile? 

Mrs. B. On the contrary, the air within you meeting 
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with no external pressure to restrain its elasticity, would 
distend your body, and at length bursting the parts which 
confined it, put a period to your existence. 

Caroline. This weight of the atmosphere, then, which 
I was so apprehensive would crush me, is, in reality, essen- 
tial to my preservation. 

Emily, I once saw a person cupped, and was told that 
the swelling of the part under the cup was produced by 
taking away from that part the pressure of the atmosphere; 
but I could not understand how this pressure produced such 
an effect. 

Mrs. B. The air pump affords us the means of making 
a great variety of interesting experiments on the weight and 
pressure of the air: some of them you have already seen. 
Do you not recollect, that in a vacuum produced within the 
air pump, substances of various weights fell to the bottom 
in the same time; why does not this happen in the atmo- 
sphere? 

Carolvat, I remember you told us it was owing to liie 
resistance which light bodies meet with from the air during 
their fall. 

Mrs. B. Or, in other words, to the support which they 
received from the air, and which prolonged the time of their 
fall. Now, if the air were destitute of weight, how could it 
support other bodies or retard their fall? 

I shall now show you some other experiments, which 
iliuBtrate, in a striking manner, both the weight and elasti- 
city of air. I shall tie a piece of bladder over this glass re- 
ceiver, which, you will observe, is open both at the top as 
well as below. 

Caroline. Why do you wet the bladder first? 

Mrs. B, It expands by wetting, and contracts in drying; 
it is also more soft and pliable when wet, so that I can make 
it fit better, and when dry it will be tighter. We must hold 
it to the fire in order to dry; but not too near lest it should 
burst by sudden contraction. Let us now fix it on the air- 

Eiimp and exhaust the air from underneath it — ^you will not 
e alarmed if you hear a noise? 
Emily. It was as loud as the repotl ol ^ ^Tk^ ^:^\^t^ 



1 



156 MECHANICAL PROPERTIES OF AIR. 

bladder is burst! Pray explain how the air is concerned in 
this experiment. 

Mrs. B. It is the effect of the weight of the atmosphere 
on the upper surface of the bladder, when I had taken awaj 
the air from the under surface; so that there was no longer 
any reaction to counterbalsince the pressure of the atmos- 
phere on the receiver. You observed bow the bladder was 
pressed inwards by the weight of the external air, in propor- 
tion as I exhausted the receiver: and before a complete va? 
cuum was formed, the bladder, unable to sustain the vio- 
lence of the pressure, burst with the explosion you have just 
heard. 

I shall now show you an experiment, which proves the 
expansion of the air, contained within ^a body when it is 
relieved from the pressure of the external air. You would 
not imagine that there was any air contained within this 
shrivelled apple, by its appearance; but take notice of it 
when placed within a receiver, from which I shall exhaust 
the air. 

Caroline. How strange; it grows quite plump, and looks 
like a fresh-gathered apple. 

Mrs. B, But as soon as I let the air again into the re- 
ceiver, the apple you see returns to its shrivelled state. Wbea 
I took away the pressure of the atmosphere the air within 
the apple expanded and swelled it out; but the instant the 
atmospherical air was restored, the expansion of the^nter- 
nal air was checked and repressed, and the apple shrunk to 
its former dimensions. 

You may make a similar experiment with this little blad- 
der, which you see is perfectly flaccid, and appears to con- 
tain no air: in this state I shall tie up the neck of the blad- 
der, so that whatever air remains within it may not escape, 
and then place it under the receiver. Now observe, as I 
exhaust the receiver, how the bladder distends; this pro- 
ceeds from the great dilatation of the small quantity of air 
which was enclosed within the bladder when I tied it up; 
but as soon as I let the air into the receiver, that which the 
bladder contains, condenses and shrinks into its small com- 
pass withm the folds of the bladder. 
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Emily. These experimeDts are extremely amusing, and 
they afibrd clear proofs both of the weight and elasticity of 
the air; but I should like to knoiv exactly boiv much the air 
weighs. 

Jkirs, B. A column of air reaching to the top of the at- 
mosphere, and whose base is a square inch, weighs iSlbs. 
when the air is heaviest; therefore every square inch of our 
bodies sustains a weight of 151bs.: and if you wish to know 
the weight of the whole of the atmosphere, you must reckon 
how many square inches there are on the surface of the 
globe, and multiply them by 15. 

Emily. But are there no means of ascertaining the 
weight of a small quantity of air? 

Mrs. B. Nothing more easy. I shall exhaust the air 
from this little bottle by means of the air-pump: and having 
emptied the bottle of air, or, in other words, produced a 
Tacuum within it, I secure it by turning this screw adapted 
to its neck: we may now find the exact weight of this bottle, 
by putting it into one of the scales of a balance. It weighs 
jou see just two ounces; but when 1 turn the screw so as to 
admit the air into the bottle, the scale which contains it pre- 
ponderates. 

Carolim. No doubt the bottle filled with air, is heavier 
than the bottle void of air; and the additional weight requir- 
ed to bring the scales again to a balance, must be exactly 
that of the air which the bottle now contains. 

Mrs. B. That weight, you see, is almost two grains. 
The dimensions of this bottle are six cubic inches. Six 
cobic inches of air, therefore, at the temperature of this 
rootn, weighs nearly 2 grains. 

Caroline. Why do you observe the temperature of the 
room, in estimating the weight of the air? 

Mrs. B. Because heat rarifies air, and renders it lighter; 
therefore the warmer the air is wbich you weigh, the lighter 
it will be. 

If you should now be desirous of knowing the specific 
gravity of this air, we need only fill the same bottle with 
water, and thus obtain the weight of an equal quantity of 
water— which you see is 1515 grs.; now by comparing the 

14* 
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weight of water to that of air, we find it to be in the pro- 
portion of about 800 to 1. 

I will show you another instance of the weight of the at- 
mosphere, which I think will please you: you know what a 
barometer is? 

Caroline* It is an instrument which indicates the state 
of the weather, by means of a tube of quicksilver; but how, 
I can not exactly say* 

Mrs, B. It is by showing the weight of the atmosphere* 
The barometer is an instrument extremely simple in its 
construction: in order that you may understand it, I will 
show you how it is made. I first fill a glass tube A B, (fig. 
3. plate XIV.) about three feet in length, and open only at 
one end, with mercury; then stopping the open end with my 
.finger, I immerse it in a cup C, containing a little mercury* 

Emily. Part of the mercury which was in the tube, I . 
observe, runs down into the cup; but why does not the whole 
of it subside in the cup, for it is contrary to the law of the 
equilibrium of fluids, that the mercury in the tube should 
not descend to a level with that in the cup? 

Mrs. B, The mercury that has fallen from the tube into 
the cup, has left a vacant space in the upper part of the 
tube, to which the air can not gain access; this space is 
therefore a perfect vacuum; and consequently the mercuij 
in the tube is relieved from the pressure of the atmosphere, 
whilst that in the cup remains exposed to it. 

Carolint. Oh, now I understand it; the pressure of the 
air on the mercury in the cup forces it to rise in the tube, 
where it sustains no pressure. 

Emily, Or rather supports the mercury in the tube, and 
prevents it from falling. 

Mrs. B. That comes to the same thing; for the power 
that can support mercury in a vacuum, would also make it 
ascend when it met with a vacuum. 

Thus you see, that the equilibrium of the mercury is de« 
stroyed only to preserve the general equilibrium of fluids. 

Cardifke. But this simple apparatus is, in appearance, 
very unlike a barometer. 

Mrs. B. It is all that is essential to a barometer. The 
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tube and the cup or vase are fixed on a board, for the con- 
venience of suspending it; the board is graduated for the 
parpose of ascertaining the height at which the mercury 
stands in the tube; and the small moveable metal plate serves 
to show that height with greater accuracy. 

EmUy, And at what height will the weight of the at- 
mosphere sustain the mercury? 

Mrs. B» About 28 inches, as you will see by this baro- 
meter; but it depends upon the weight of the atmosphere, 
which varies much, according to the state of the weather. 
The greater the pressure of the air on the mercury in the 
cup, the higher it will ascend in the tube. Now can you 
tell me whether the air is heavier in wet or in dry weather? 
CaitMnt. Without a moment's reflection, the air must 
be heaviest in wet weather. It is so depressing, and makes 
one feel so heavy, while in fine weather, I feel as light as a 
feattier, and as brisk as a bee. 

Mrs. B. Would It not have been better to have answer- 
ed with a moment's reflection, Caroline? It would have 
convinced you, that the air must be heaviest in dry weather, 
for it IS then, that the mercury is found to rise in the tube, 
and consequently the mercury in the cup must be most 
pressed by toe air; and you know, that we estimate the dry- 
ness and fairness of the weather, by the height of the mer** 
cary in the barometer. 

Caroline. Why then does the air feel so heavy in bad 
weather? 

Mrs. B. Because it is less salubrious when impregnated 
with damp. The lungs under these circumstances do not 
play so freely, nor does the blood circulate so well; thus ob- 
structions are frequently occasioned in the smaller vessels, 
from which arises colds, asthmas, agues, fevers, ^c. 

JSmi^. Since the atmosphere diminishes in density in 
the upper regions, is not the air more rare upon a hill than 
b a plain; and does the barometer indicate this difference? 
Jlfrs. B. Certainly. The hills in this country are not 
nifficiently elevated to produce any very considerable effect 
on the barometer; but this instrument is so exact in its in* 
dicaUofis, that it is used for the purpose of measucln^thft 
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height of mountains, and of estimating the elevation orbd- 
loons. 

Emily. And is no inconvenience experienced from the 
thinness oftTie air in such elevated situations? 

Mrs. B, Oh, yes; frequently. It is sometimes oppres- 
sive, from being insufficient for respiration; and the expan- 
sion which takes place in the more dense air contained with- 
in the body is often painful: it occasions distension, and 
sometimes causes the bursting of the smaller blood-vessels in 
the nose and ears. Besides, in such situations, you are moie 
exposed both to heat and cold; for though the atmosphere is 
itself transparent, its lower regions abound with vapours and 
exhalations from the eartb, which float in it, and act in 
some degree as a covering, which preserves us equally from 
the intensity of the sun's rays, and from the severity of the 
cold. 

Caroline. Pray, Mrs. B., is not the thermometer con- 
structed on the same principles as the barometer? 

Mrs, B. Not|at ail. The rise and fail of the fluid in 
the thermometer is occasioned by the expansive power of 
heat, and the condensation produced by cold: the air has no 
access to it. An explanation of it would, therefore, be ir- 
relevant to our present subject. 

. Emily. I have been reflecting, that since it is the weight 
of the atmosphere which supports the mercury in the tube 
of a barometer, it would support a column of any other fluid 
in the same manner. 

Mrs. B. Certainly; but as mercury is heavier than all 
other fluids, it will support a higher column of any other 
fluid; for two fluids are in equilibrium, when their height 
varies inversely as their densities. We find the weight of 
the atmosphere is equal to sustaining.a column of water, for 
instance, of no less than 82 feet above its level. 

Caroline. The weight of the atmosphere, is then, as 
great as that of a body of water the depth of 32 feet? 

Mrs. J?. Precisely; for a column of air of the height of 
the atmosphere is equal to a column of water of 32 feet, or 
one of mercury of 28 inches. 

The common pump is constructed on this principle. By 
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the act of pumping, the pressure of the atmosphere is taken 
off the water, which, in consequence, rises. 

The body of a pump consists of a large tube or pipe, 
whose lower end is immersed in the water which it is de- 
signed to raise. A kind of stopper, called a piston, is fitted 
to this tube, and is made to slide up and down it by means 
of a metallic rod fastened to the centre of the piston. 

Emily, Is it not similar to the syringe, or squirt, with 
whicbyou first draw in, and then force out water? 

Mrs, B. It is; but you know that we do not wish to 
force the water out of the pump, at the same end of the pipe 
at which we draw it in. The intention of a pump is to 
raise water from a spring or well; the pipe is, therefore, 

t laced perpendicularly over the water which enters it at the 
mtr extremity, and it issues at a horizontal spout towards 
the upper part of the pump. The pump, therefore, is ra- 
ther a more complicated piece of machinery than the 
syringe. 

Its various parts are delineated in this figure: (fig. 4. plate 
XIV.) A B is the pipe or body of the pump, P the piston, V 
a valve, or little door in the piston, which opening upwards, 
admits the water to rise through it, but prevents its returning, 
and Y a similar valve in the body ol the pump. 

When the pump is in a state of inaction, the two -valves 
are closed by their own weight; but when, by drawing down 
the handle of the pump, the piston ascends, it raises a co- 
lumn of air which rested upon it, and produces a vacuum 
between the piston and the lower valve Y, the air beneath 
this valve, which is immediately over the surface of the wa- 
ter, consequently expands, and forces its way through it; 
the water, then, relieved from the pressure of the air, ai^- 
cends into the the pump. A few strokes of the handle total- 
ly excludes the air from the body of the pomp, and fills it 
with water, which, having passed through both the valves, 
runs out at the spout. 

Caroline I understand this perfectly. When the piston 
is elevated, the air and the water successively rise in the 
pump, for the same reason as the mercury rises in the 
barometer. 
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Emiiy. I thought that water was drawn up into a pump, 
by suction, in the same manner as water may be sucked 
through a straw. 

Mrs. B. It is so, into the body of the pump; for the 
power of suction is no other than that of producing a vacu- 
um over one part of the liquid, into which racuum the 
liquid is forced, by the pressure of the atmosphere on ano- 
ther part. The action of sucking through a straw, consists 
in drawing in and confining the breath, so as to produce a 
vacuum in the mouth; in consequence of wbicb, the air 
within the straw rushes into the mouth, and is followed by 
the liquid, into which the lower end of the straw is im- 
mersed. The principle, you see, is the same, and the only 
difference consists in the mode of producing a vacuum. Id 
suction, the muscular powers answer the purpose of the pis- 
ton and valve. 

Emily. Water can not, then, be raised by a pump above 
32 feet; for the pressure of the atmosphere will not sostaia 
a column of water above that height. 

Mrs. B. I beg your pardon. It is true that there most 
never be so great a distance as 32 feet from the level of the 
water in the well, to the valve in the piston, otherwise the 
water would not rise through that valve; but when once the 
water has passed that opening, it is no longer the pressure 
of air on the reservoir which makes it ascend; it is raised by 
lifting it up, as you would raise it in a bucket, of which the 
piston formed the bottom. This common pump^ is, there- 
tore, called the sucking, or lifting-pump, as it is constructed 
on both these principles. There is another sort of pump, 
called the forcing- pump: it consists of a forcing power ad- 
ded to the sucking part of the pump. This additional pow- 
er is exactly on the principle of the syringe: by raising the 
piston you draw the water into the pump, and by descending 
it you force the water out. 

Carolina. But the water must be forced out at the up- 
per part of the pump; and I can not conceive how that can 
be done by descending the piston. 

Mrs. B. Figure 5. pi. XIY. will explain the difficulty. 
The large pipe A B represents the sucking part of the pump, 
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which differs from the lifting-pump, onlj ia its piston P be- 
ing unfurnished with a valve, in consequence of which the 
water can not rise above it. When, therefore, the piston 
descends, it shuts the valve Y, and forces the water (which 
has DO other vent) into the pipe D: this is likewise furnish- 
ed with a valve V, which opening outwards, admits the wa- 
ter, biit prevents its return. 

The water is thus first raised in the pump, and then for- 
ced into the pipe, by the alternate ascending and descend- 
ing motion of the piston, after a few strokes of the handle 
to fill the pipe, from whence the water issues at the spout. 

It is now time to conclude our lesson. When next we 
meet, I shall give you some account of wind, and of sound, 
which will terminate our observations on elastic fluids. 

Caroline. And I shall run into the garden, to have the 
pleasure of pumping, now that I understand the construc- 
tion of a pump. 

Mrs. B. And, to-morrow, I hope you will be able to tell 
me, whether it is a forcing or a common lifting pump. 
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MRS. B. 

Well, Caroline, have you ascertained what kind of 
pump you have in your garden.^ 

Cafoline, I think it must be merely a lifting-pump, be- 
cause no more force is required to raise the handle than is 
necessary to lift its weight; and in a forcing pump, by rais- 
ing the handle, you force the water into the smaller pipe, 
and the resistance the water offers must require an exertion 
of strength to overcome it. 

Mrs. B. I make no doubt you are right; for lifting pumpf 
being simple in their construction, are by far the most com* 
mon. 

I have promised to day to give you some account of the 
nature of wind. Wind is nothing more than the motion 
of a stream or current of air, generally produced by a partial 
change of temperature in the atmosphere; for when any one 
part is more heated than the rest, that part is rarefied; the 
equilibrium is destroyed, and the air in consequence rises. 
When this happens, there necessarily follows a motion of the 
surrounding air towards that part, in order to restore it: this 
spot, therefore, receives winds from every quarter. Those 
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who live to the north of it experience a north wind; those 
to the south, a south wind: — do you comprehend this? 

Caroline. Perfectly. But what sort of weather must 
those peojple have, who live on the spot where these winds 
meet and interfere? 

Mrs. B. They have turbulent and boisterous weather, 
whirlwinds, hurricanes, rain, lightning, thunder, &c. This 
stormy weather occurs most frequently in the torrid zone, 
where the heat is greatest: the air being more rarefied there 
than in any other part of the globe, is lighter, and conse- 
quently ascends; whilst the air about the polar regions is 
continually flowing from the poles, to restore the equilibrium. 

Caroline. This motion of the air would produce a regu* 
lar and constant north wind to the inhabitants of the north- 
ern hemisphere; and a south wind to those of the southern 
hemisphere, and continual storms at the equator, where these 
two adverse winds would meet. 

J\Irs. B, These winds do not meet, for they each change 
their direction before they reach the equator. The sun, in 
moving over the equatorial regions from east to west, rarefies 
the air as it passes, and causes the denser eastern air to flow 
westwards* in order to restore the equilibrium, thus produ- 
cing a regular east wind about the equator. 

Caroline, The air from the west, then constantly goes 
to meet the sun, and repair the disturbance which his beams 
have produced in the equilibrium of the atmosphere. But 
I wonder how you will reconcile these various winds, Mrs. 
B.: you first led me to suppose there was a constant strug- 
gle between opposite winds at the equator, producing storm 
and tempest; but now I hear of one regular invariable wind, 
which must naturally be attended by calm weather. 

EmUy I think I comprehend it: do not these winds 
firom the north and south combine with the easterly wind 
about the equator, and form what are called the trade winds? 

J\Irs. B. Just so, my dear. The composition of the two 
winds north and east, produces a constant north-east wind; 
and that of tbe two winds south and east, produces a regu- 
lar south-east wind; these winds extend to about thirty de- 
grees on each side of tbe equator, the regions fucthec dUt^\^.t 
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from it experiencing only their respective north and south 
winds. 

Caroline. But Mrs. B., if the air is constantly flowing 
from the poles to the torrid zone, there must be a deficiency 
of air in the polar regions? 

Mrs. B. The light air about the equator, which ex- 
pands and rises into the upper regions of the atmosphere, 
ultimately flows from thence back to the poles, to restore 
the equilibriuHK if it were not for this resource, the polar 
atmospheric regions would soon be exhausted by the stream 
of air, which, in the lower strata of the atmosphere, they are 
constantly sending towards the equator. 

Caroline. There is then a sort of circulation of air itt 
the atmosphere; the air in the lower strata flowing from the 
poles towards the equator, and in the upper strata, flowing 
back from the equator towards the poles. 

Mrs, B. Exactly: I can show you an example of tliis 
circulation on a smaller scale. The air of this room being 
more rarefied than the external air, a wind or current of vit 
is pouring in from the crerices of the windows and doors, 
to restore the equilibrium; but the light air with which the 
room is filled must find some vent, in order to make way for 
the heavy air that enters. If you set the door a-jar, and 
hold a candle near the upper part of it, you will find that 
the flame will be blown outwards, showing that there ia a 
current of air flowing out from the upper part of the room.— 
Now place the candle on the floor close by the door, and 
Tou will perceive, by the inclination of the flame, that thefe 
is also a current of air setting into the room. 

Caroline. It is just so; the upper current is the warm 
light air, which is driven out to make way for the stream 
of cold dense air which enters the room lower down. 

Emily. I have heard, Mrs. B., that the periodical winds 
are not so regular on land as at sea: what is the reason of 
that? 

Mrs. B. The land reflects into the atmosphere a moch 
greater quantity of the sun's rays than the water; therefore, 
that part of the atmosphere which is over the land, is more 
heated and rarefied than that which is over the sea: this oc- 
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casiODS the wind to set in upon the land, as we find that it 
regularly does on the coast of Guinea, and other countries in 
the torrid zone. 

Emily. I have heard much of the violent tempests occa- 
sioned by the breaking up of the monsoons; are not thty also 
regular trade-winds? 

JIfrs. JS. They are called periodical trade-winds, as they 
change their course every half year. This variation is pro- 
duced by the earth's annual course round the sun, when the 
north pole is inclined towards that luminary one half of the 
year, the south pole the other half. During the summer of 
the nerthern hemisphere, the countries of Arabia, Persia, 
India, and China, are much heated, and reflect great quanti- 
ties of the sun's rays into the atmosphere, by which it be* 
eomes extremely rarefied, and the equilibrium consequently 
destroyed. In order to restore it the air from the equatorial 
lOuthiBrn regions, where it is colder, (as well as from the 
colder northern parts,) must necessarily have a motion to- 
wards those parts. The current of air from the equatorial 
regions produces the trade- winds for the first six months, in 
all the seas between the heated continent of Asia, and the 
equator. The other six months, when it is summer in the 
90ttthern hemisphere, the ocean and countries towards the 
southern tropic are most heated, and the air over those parts 
more rarefied: then the air about the equator alters its course, 
and flows exactly in an opposite direction. 

Caroline* This explanation of the monsoons is very cu- 
rious; but what does their breaking up mean? 

Mrs, B. It is the name given by sailors to the shifting 
of the periodical winds; they do not change their course sud- 
denly, but by degrees, as the sun moves from one hemisphere 
to the other: this change is usually attended by storms and 
hurricanes, very dangerous for shipping; so that those seas 
are seldom navigated at this season of the equinox. 

EmUy. I think I understand the winds in the torrid zone 
perfectly well ; but what is it that occasions the great variety 
of winds which occur in the temperate zones? for, accord- 
ing to your theory, there should be only north and south 
winds in those climates. 
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Mrs. B. Since so large a portion of the atmosphere ai 
is over the torrid zone is in continued agitation, these agita- 
tions in an elastic fluid, which yields to the slightest impres- 
sion, must extend every way to a great distance; the air, 
therefore, in all climates, will suffer more or less perturba- 
tion, according to the situation of the country, the position 
of mountains, valleys, and a variety of other causes: hence 
it is easy to conceive, that almost every climate must be 
liable to variable winds. 

On the sea-shore, there is almost always a gentle sea- 
breeze setting in on the land on a summer^s evening, to re- 
store the equilibrium which had been disturbed by reflec- 
tions from the heated surface of the shore during the day; 
and when night has cooled the land, and condensed the air, 
we generally find it towards morning, flowing back towards 
the sea. 

Caroline, I have observed, that the wind, whichever 
way it blows, almost always falls about sun-set. 

Mrs* B. Because the rarefaction of air in the particular 
spot which produces the wind, diminishes as the sun de« 
dines, and consequently the velocity of the wind abates. 

Emily, Since the air is a gravitating fluid, is it not af* 
fecttd by the attrattion of the moon and the sun, in the same 
manner as the waters? 

Mrs, jB. Undoubtedly; but the aerial tides are as mnch 
greater than those of water, as the density of water exceeds 
that of air, which, as you may recollect, we found to be 
about 800 to 1 . 

Caroline* What a prodigious protuberance that must oc- 
casion! How much the weight of such a column of air must 
raise the mercury in the barometer! 

Emly. As this enormous tide of air is drawn up and 
supported, as it were by the moon, its weight and pressure, 
I should suppose, would be rather diminished than in- 
creased? 

Mrs. B. The weight of the atmosphere is neither in- 
creastd nor diminished by the aerial tides. The moon's 
attraction augments the bulk as much as it diminishes the 
freight of the column of air*, X\iew tSt^Va^XV^t^fc^^^^^a- 
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terbalancing each other, the serial tides do not affect the 
barometer. 

Caroline. I do not quite understand that. 

Mrs, jB. Let us suppose that the additional bulk of air 
at high tide raises the barometer one inch; and on the other 
hand, that the support which the moon's attraction affords 
the air diminishes its weight or pressure, so as to occasion 
the mercury to fall one inch; under these circumstances the 
mercury must remain stationary. Thus, you see, that we 
can never be sensible of aerial tides by the barometer, on 
account of the equality of pressure of the atmosphere, what- 
ever be its height. 

The existence of aerial tides is not, however, hypetheti- 
eal; it is proved by the effect they produce on the apparent 
position of the heavenly bodies; but this I can not explain 
to you, till you understand the properties of light. 

EmUy. And when shall we learn them? 

Jtffs. B. I shall first explain to you the nature of sound, 
which is intimately connected with that of air; and I think 
at'oiir next meeting we may enter upon the subject of optics. 
. We have now considered the effects produced by the 
wide and extended agitation of the air; but there is another 
kind of agitation of which the air is susceptible — a sort of 
vibratory trembling motion, which, striking on the drum of 
the ear, produces sound, 

Caroline, Is not sound produced by solid bodies? The 
voice of animals, the ringing of bells, musical instruments, 
are all solid bodies. I know of no sound but that of the 
wind which is produced by the air. 

J)fr$. B, Sound, I assure you, results from a tremulous 
motion of the air; and the sonorous bodies you enumerate, 
are merely the instruments by which that peculiar species of 
motion is communicated to the air. 

Caroline. What! when I ring this little bell, is it the air 
tbat sounds, and not the bell? 

Mrs, B. Both the bell and the air are concerned in the 
production of sound. But sound, strictly speaking, is a per- 
ception excited in the mind by the motion of the air on the 
nerves of the ear; the air, therefore, as well as the sonorous 
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bodies wbich put it in motioo, is only the eauee of ioipdr 
the immediate eflfeet is produced by the sense of beaifai|S 
for without this sense, then would be no sound. . 

EmUy. I can with difficulty conceive that A. penon. 
bom deaf, it is true, bis no idea of sound, because bt ^Hi* 
none; yet that does not prevent the real eziatence.of JQUpd^ 
as all those who are not deaf can testify. 

Mrs. B. I do not doubt the eiistence of ioiind tojjpt: 
those who possess the sense of hearing; but it eiiits mMttf 
in the sonorous body nor in the air, but in the ound of tbi 
person whose ear is struck by the vibratory motion of thi . 
air, produced by a sonorous body. jj 

To convince you tiiat sound doles not eiist in sononm 
bodies^ but that ailror some other vehicle is necosaij ta iH^ 
pioduction, endeavour to ring the little bell, afterltevt. 
suspended it under a receiver in die air>pump, fiom vriuA. 
I shall exhaust the air. 

Gor^iine. This is indeed very strange: tfaoudi I -af^lals 
it so violently, it does not produce the least eoundl 

Mrs. B. By exhau8tin| the receiver, I have cut off the 
communication between tne air and the bellf the latter, ; 
ttierefore, can not impart its motion to the air. 

CaroliM. Are you sure that it is not the glass, whichr 
covers the bell, that prevents our hearing it? 

Mrs. B. That you may easily ascertain by letting thi 
ail* into the receiver, and then ringing the bell. 

Coroltne. Very true: I can hear it now dmost aa Umd.. 
as if the glass did not cover it; and I can no longer donbl 
but that air is necessary to the production of sound. 

Mrs, B. Not absolutely necessary, tho«^ by far the. « 
most common vehicle of sound. Liquids, as well as air, am - 
capable of conveying Ae vibratoiy motion of a sonoraoi 
body to the organ of hearing; » sound can be beard mdat • 
water. Solid bodies also convey sound, as I can soon eon*- 
vince you by a very simple ei]ierimeat. I shall fasten ttan 
string by the middle round the poker; now raise the polnir 
from the ground by the two ends of the string and bold cm . 
to each of your ears^^I shall now strike the pok«r witli ai^ 
key, and you wiU find that the sound is conveyedu ttie cat 
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bj means of the strings, in a much more perfect manner 
than if it had no other vehicle than the air. 

CaroHne. That it is, certainly, for I am almost stunned 
by the noise. But what is a sonorous body, Mrs. B.? for all 
bodies are capable of producing some kind of sound by the 
motion they communicate to the air. 

Jlfn. B, Those bodies are called sonorous, which pro- 
doee clear, distinct, regular aqd durable sounds, such as a 
bell, a drum, musical strings, wind-instruments, &c. They 
owe this property to their elasticity; for an elastic body, after 
baring been struck, not only returns to its former situation, 
but having acquired momentum by its velocity, like the pen- 
dulum, it springs out on the opposite side. If I draw the 
string A B, which is made fast at both ends to C, it will 
not only return to its original position, but proceed onwardi 
toD. 

This is its first vibration, at the end of which it will re- 
tain sufficient velocity to bring it to E, and back again to F, 
which constitutes its second vibration; the third vibration 
will carry it only to G and H, and so on till the resistance 
of the air destroys its motion. 

The vibration of a sonorous body gives ^ tremulous mo- 
tioii to the air around it, very similar to the motion commu- 
nicated to smooth water when a stone is thrown into it. 
This first produces a small circular wave around the spot in 
which the stone falls; the wave spreads and gradually com- 
municates its motion to the adjacent waters, producing simi- 
lar waves to a considerable extent. The same kind of waves 
are produced in the air by the motion of a sonorous body, 
but with, this difference, that as air is an elastic fluid, the 
notion does not consist of regularly extending waves, but of 
ribrations, and are composed of a motion forwards and back- 
wards, similar to those of the sonorous body. They differ 
alao in the one taking place in a plane, the other in all di- 
rections. The serial undulations being spherical. 

EmSy, But if the air moves backwards as well as for- 
wards, bow can its motion extend so as to convey sound to 
adialWQce? 
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Mrt. B. Tbe fint sphereof unddlatioaB vrhicfa tre pni- 
dnced immediaUlf around the sonorous bodj, bj pressing 
agiiDst the coDtiguoHB air, condenfres it. Tlie condetised 
air, though ifflpcUsd forwacd bj the pressure, re-acts od the 
fint set of undulatiODS, driviog tbetn back again. The se- 
cond ut of undulalions which have been put ia motion, in 
their tura commaDieate their motion, and are themselves 
driven back by reaction. -Thus there is a succession of naves 
in the air, corrasponding with the succession of waves in the 
water. 

. Caroline. The vibratloas of sotind must extend much 
further than the circular waves ia ivater, since sound is 
ecnvejed to a great distance; 

: JMrs. B, The air is a fluid » much lest denit tliin wfr 
ter, that motion is more eaiily^coffiiBunicBlcd to it. TIm h> : 
port of a caoDon producca nbrstionB ofthe air which cXtc^ ] 
to several miles around, j 

Eti^y- EUitant sound takes' Mfnie time to reach us, ■ 
since it is produced at tbe moment the caDnon is fired; and - 
Ve see the light of the flash igug before we he^tr the report. 

J\^i. B. . Ths air is immediatelT.[Hit id motion by the j 
firing of a cannon; but it requires ume for the vibrations to i 
eitend.to an; distant spot. The velocity pf sound is com* j 
puted to be at the rate of 1 142,i)^t ji) a second. 

CaroUne. Withwhataatooiabingrapidity the vibralioils 
mutt be conununicated ! But the velocity of sound varies, 
I suppose, with that of the-air which conveys it. If the ! 
wind sets towards ua from the cannon we must hear tbe re- J 
port sooner than if it, set the (rther wajr, . . . .^ 1 

Mrs, B. The direction, of the wind makes less difler- j 
encG in the velocity of sound than you would imagine. If 
the wind sets from us, it bears most of the aerial waves 
4way, and renders the sound fainter; but it is not very con- ! 
siderably longer in reaching the ear than if the wind blew 
towards us. This uniform velocity of sound enables us to 
determine tbe distance of tbe object from which it proceeds; 
at that of a vessel at sea firing a canaon, or that of a thun- 
der cloud. If we do not hear the thunder till half a WMta 
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after we see the lightning, we conclude the cloud to be at 
the distance of six miles and a half, 

Emily. Pray how is the sound of an echo produced? 

Jtfrs, J3. When the aerial vibrations meet with an ob- 
stacle, having a hard and regular surface, such as a wall, or 
rock, (hey are reflected back to the ear, and produce the 
same sound a second time; but the sound will then appear 
to proceed from the object by which it is reflected. If the 
vibrations fall perpendicularly on the obstacle, they are re- 
fected back in the same line; if obliquely, the sound returns 
obliquely in the opposite direction, the angle of reflection 
being equal to the angle of incidence. 

Caroline. Oh, then, Emily, I now understand why 
the echo of my voice behind our house is heard so much 
plainer by you than it is by me, when we stand at the op- 
posite ends of the gravel walk. My voice, or rather, 1 should 
say, the vibrations of air it occasions, fall obliquely on the 
wall of the house, and are reflected by it to the opposite end 
of the gravel walk. 

jESoiily, Very true; and we have observed, that when 
Wtf stand in the middle of the walk, opposite the house, the 
echo returns to the person who spoke. 

Mrs. B. Speaking-trumpets are constructed on the prin- 
eipie of the reflection of sound. The voice, instead of be- 
mg diffused in the open air, is confined within the trumpet; 
ind the vibrations, which spread and fall against the sides 
of the instrument, are reflected according to the angle of in- 
cidence, and fall into the direction of the vibrations which 
proceed straight forwards. The whole of the vibrations are 
thttf collected into a focus; and if the ear be situated in or 
near that spot, the sound is prodigiously increased. Figure 
T. plate XIV. will give you a clearer idea of the speaking 
trampet: the reflected rays are distinguished from those of 
itttideDce, by being dotted; and they are brought to a focus 
rt F. The trumpet used by deaf persons acts on the same 
principle; but as the voice enters the trumpet at the largOi 
instead of the small end of the instrument, it is not so mucli 
eonfihedi sor Uie sound so much increased. 
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Emily* Are the trumpets used as musical instruments, 
also constructed on this principle? 

Mrs. B» So far as their form tends to increase the sound| 
they are; but, as a musical instrument, the trumpet becomes 
itself the sonorous body, which is made to vibrate by blow- 
ing into it, and communicates its vibrations to the air. 

I will attempt to give you, in a few words, some notion 
of the nature of musical sounds, which, as you are fond of 
music, must be intere'^ting to you. 

If a sonorous bodv be struck in such a manner, that its 
vibrations are ail performed in regular times, the vibrations 
of the air will correspond with them; and striking in the 
sa'Tie regular manner on the drum of the ear, will produce 
the same uniform sensation on the auditory nerve, and ex* 
cite the same uniform idea in the mind; or, in other words, 
we shall here one musical tone. 

But if the vibrations of the sonorous body are irregulari 
there will necessarily follow a confusion of aerial vibrations; 
for a second vibration may commence before the first is fin- 
ished, meet it half way on its return, interrupt it in its 
course, and produce harsh jarring sounds, which are called 
discords, 

EmUy. But each set of these irregular vibrations, ifre- 
repeated at equal intervals, would, I suppose, produce a lau* 
sical tone? It is only their irregular succession which makes 
them interfere, and occasions discord. 

Mrs, B. Certainly, The quicker a sonorous body vi- 
brates, the more acute, or sharp, is the sound produced. 

Caroline, But if I strike any one not^ of the piano-forte 
repeatedly, whether quickly or slowly, it always gives the 
same tone. 

Mrs, B, Because the vibrations of the same string, at 
the same degree of tension, are always of a similar duration. 
The quickness or slowness of the vibrations relate to the 
single tones, not to the various sounds which they may 
compose by succeeding each other. Striking the note in 
quick succession, produces a more frequent repetition of 
the tone, but does not increase the velocity of the vibrations 
of the string. 
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The duration of the vibrations of strings or chords, de- 
pends upon their length, their thickness or weight, and their 
degree of tension: thus, jou find, the low bass notes are 
proiduced by long, thick loose strings; and the high treble 
notes bj short, small, and tight strings. 

Caroline. Then the different length and size of the 
itiiogs of musical instruments, serves to varj the duration 
of the vibrations, and consequently, the acuteness of gravity 
of the notes? 

Jtfrs. B. Yes. Among the variety of tones, there are 
some which, sounded together, please the ear, producing 
what we call harmony, or concord. This arises from the 
agreement of the vibrations of the two sonorous bodies; so 
that some of the vibrations of each strike upon the ear at 
the same time. Thus, if the vibrations of two strings are 
performed in equal times, the same tone is produced by both, 
and they are said to be in unison. 

Emily. Now, then, I understand why, when I tune my 
harp in unison with the piano-forte, I draw the strings tight- 
er if it is too low, or loosen them if it is at too high a pitch: 
it it in order to bring them to vibrate, in equal times, with 
tbe strings of the piano-forte. 

Mrs. jB. But concord, you know, is not confined to 
TBiis^n; for two different tones harmonize in a variety of 
eases. If the vibrations of one string (or sonorous body 
whatever) vibrate in double the time of another, the second 
vibration of the latter will strike upon the ear at the same 
instant as the first vibration of the former; and this is the 
CiDcord of an octave. 

IT the vibrations of two strings are as two to three, the se- 
cond vibration of tbe first corresponds with the third vibra- 
fion of the latter, producing Mb harmony called a fifth. 

Caroline. So, then, wheiff strike the key> note with its 
fifth, I hear every second vibration of one, and every third 
of tbe other at the same time? 

JIfrs. B. Yes; and the key-note struck with tbe fourth 
il likewise a concord, because the vibrations are as three to 
four. The vibrations of a major third with the key-note, 
are as four to five; and those of a minor third^ as fiv^ to di^* 
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There are other tones, which, though they can not be 
struck together without producing discord, if struck succes- 
sively, give us the pleasure which is called melody. Upon 
these general priuciples the science of music is found; but I 
am not sufficiently acquainted with it to enter any Airther 
into it. 

We shall now, therefore, take leave of the subject of 
sound; and, at our next interview, enter upon that of optics, 
in which we shall consider the nature of vision, l^S^t^ and 
colours. 
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CONVERSATION XIV. 



ON OPTICS. 

or ijnayfot% travspakent, akd opAatTE bodiss.— of titb nAsimoN 

OP USHT. OF SHADOWS. — OF THE REFLECTION OP LTOHT.— -OFAdVB 

BODIES SSEir OITLT BT BEFLECTBP LIGHT. ^VISIOV EXPLAINED.*— 

CAMXILA OB8CI7RA.— IXAOE OF OBJECTS ON THE RETINA. 

CAROLINE. 

I LONG to begin our lesson to day, Mrs. B., for I expect 
tbat it will be very entertaining. 

Mrs. B. Optics is certainly one of the most interesting 
branches of Natural Philosophy, but not one of the easiest to 
understand; I must therefore beg that you will give me the 
whole of your attention. 

I shall first inquire, whether you comprehend the meaning 
of a luminous body^ an apaque body^ and a transparent body. 

Caroline. A luminous body is one that shines; an 
opaque .... 

JMf*. B. Do not proceed to the second, until we have 
agreed upon the definition of the first. AH bodies that shine 
are not luminous; for a luminous body is one thatshints by 
its own light, as the sun, the fire, a candle, &c. 

Emily. Polished metal then, when it shines with so 
much brilliancy, is not a luminous body.^ 

Mn» J3. No, for it would be drrk if it did not receive 
light Mm a luminous body; it belongs, therefore, to the class 
01 opacma of dark bodies, which comprf^hciid all such as 
are natter luminous nor will admit the light to pass thcou^ 
tbem. 
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Ire stopped short in their course; for they can not move iu 
a curve line round the body. 

Caroline, No, certainly; for it would require some other 
brce besides that of projection, to produce motion in a curve 
lioe. 

Mrs, B, The interruption of the rays of light, by the 
opaque body, produces, therefore, darkness on the opposite 
tide of it; and if this darkness fall upon a wall, a sheet of 
paper, or any object whatever, it forms a shadow. 

EmQy, A shadow then is nothing more than darkness 
produced by the intervention of an opaque body, which pre- 
vcots the rays of light from reaching an object behind the 
jtflque body. 

r Caroline. Why then are shadows of different degrees of 
darkness; for I should have supposed from your definition of 
HBhadow, that it would have been perfectly black? 
' Mrs. B. It frequently happens that a shadow is produ- 
daced by an opaque body interrupting the course of the rays 
ffOm one luminous body, while light from another reaches 
the space where the shadow is formed, in which case the 
shadow is proportionally fainter. This happens if the opaque 
hody be lighted by two candles: if you extinguish one 
of them, the shadow will be both deeper and more distinct. 
Caroline. But yet it will not be perfectly dark. 
Mrs. B. Because it is still slightly illuminated by light 
reflected from the walls of the room, and other surrounding 
objects. 

You must observe, also, that when a shadow is produced 
by the interruption of rays from a single luminous body, the 
darkness is proportioned to the intensity of the light. 

Emily. I should have supposed the cootrarv; for as the 
light reflected from surrounding objects on the snadow, must 
be in proportion to the intensity of the light, the stronger 
be ligQt, the more the shadow will be illumined. 

' JIfiv. B. Your remark is perfectly just; but as we have 
DO means of estimating the degrees of light and of darkness 
biat by comparison, the strongest light will appear to produce 
die deepest shadow. Hence a total eclipse of the sun occa« 
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sioDS a more sensible darkness than mid-night, as it is imme- 
diately contrasted with the strong light of noon-day. 

Caroline. The reappearance of the sun after an eclipse, 
must by the same contrast be remarkably brilliant. 

Mrs. B. Certainly. There arc several thing to be ob- 
served in regard to the form and extent of shadows. If the 
luminous body A (fig. 3.) is larger tha'n the opaque body 
B, the shadow will gradually diminish in size, till it termi- 
nate in a point. 

Caroline. This is the case with the shadows of the earth \ 
and the moon, as the sun which illumines them, is larger 
than either of those bodies. And why is it not the case 
with the shadows of terrestrial objects, which are equally , 
illuminated by the sun? But their shadows, far from dimin- 1 
ishing, are always larger than the object, and increase with '; 
the distance from it. 

Mrs, B. In estimating the effect of shadows, we must * 
consider the apparent not the real dimensions of the luminous 
body; and in tnis point of view, the sun is a small objeet 
compared with the generality of the terrestrial bodies which 
it illumines: and when the luminous body is less than the 
opaque body, the shadow will increase with the distance to 
infinity. All objects, therefore, which are apparently larger 
than the sun, cast a magnified shadow. This will be best 
exemplied, by observing the shadow of an object lighted by 
a candle. 

Emily. I have often noticed, that the shadow of my fig- 
ure against the wall, grows larger as it is more distant from 
me, which is owing, no doubt, to the candle that shines on 
me being much smaller than myself? 

Mrs. B. Yes. The shadow of a figure A, (fig. 4^) va- 
ries in size, according to the distance of the several sur&ees 
B C D E, on which it is described. 

Caroline. I have observed, that two candles produce 
two shadows from the same object; whilst it would appear, 
from what you said, that they should rather produce only 
half a shadow, that is to say, a very faint one. 

Mrs. JS. The number of lights (in different directions) 
while it decreases the intensity of the shadow, increases their 






^ 



V " ON OPTICS. 181 

Bamber, which always corresponds with that of the lights; 
for each light makes the opaque body cast a difierent shadow, 
. as iHostrated by fig. 5. It represents a ball A, lighted by 
three candlea 6, C, D, and you obsenre the light B produ- 
/ ee»tire shadow 6, the light C the shadow c, and the light D 
' the shadow d. 
' ' EmUy^ I think we now understand the nature of sha- 
dows very well; but pray what becomes of the rays of light 
.which opaque bodies arrest in their course, and the inter- 
• rljpftioD of which is the occasion of shadows? 

• Jlfr9. B. Your question leads to a very important pro- 
perty of light, Reflection. When rays of light encounter an 
^ opaque body, which they can not traverse, part of them are 
', .absorbed by it, and part are reflected, and rebound just as 
itt elastic ball which is struck against a wall. 

Emily. And is light in its reflection governed by the 
^' same laws as solid elastic bodies? 

Jtfrs. B. Exactly. If a ray of light fall perpendicularly 
man opaque body, it is reflected back in the same line, to- 
wards the point whence it proceeded. If it fall obliquely, 
. it is reflected obliquely, but in the opposite direction; the 
angle of incidence being equal to the angle of reflection. 
YoQ recollect that law in mechanics? 
» Emily. Oh yes, perfectly. 

Mrs. B. If you will shut the shutters, we shall admit a 
ny of the sun's light through a very small aperture, and I 
can show you how it is reflected. I now hold this mirror, 
so that the ray shall fall perpendicularly upon it. 

Caroline. I see the ray which falls upon the mirror, but 
not that which is reflected by it. 

Mrs. B. Because its reflection is directly retrograde. 
The ray of incidence and that of reflection both being in 
the same line, though in opposite directions, are confounded 
together. 

EmSLy. The ray then which appears to us single, is really 

double, and is composed of the incident ray proceeding to 

the minor, and of the reflected ray returning from the mirror. 

Jlfiv. B. Exactly so. We shall now separate them by 

hplding the mirror M, (fig. 6.) in such a mtumer, that the 
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incident raj A 6 shall fall obliquely upon it— jou see the 
reflected ray B C, is marching off in another direction. If 
we draw a line from the point of incidence B, perpendicular 
to the mirror, it will divide the angle of incidence from the 
angle of reflection, and you will see that they are equal. 

Emily, Exactly; and now that you hold the mirror so, 
that the ray falls more obliquely upon it, it is also reflected 
more obliquely, preserving the equality of the angles of !■• 
cidence and reflection. 

Mrs. B, It is by reflected rays only that we see opaque 
objects. Luminous bodies send rays of light immediately 
to our eyes, but the rays which they send to other bodies are 
invisible to us, and are seen only when they are reflected or 
transmitted by those bodies to our eyes. 

EmUy. But have we not just seen the ray of light in its • 
passage from the sun to the mirror, and its reflections? yet 
in neither case were those rays in a direction to enter our '* 
eyts. 

Mrs. B. No. What you saw was the light reflected to 
your eyes by small particles of dust floating in the air, and 
on which the ray shone in its passage to and from the mirror. . 

CarMne. Yet I see the sun shining on that house yon- 
der, as clearly as possible. 

Mrs. B. Indeed you > can not see a single ray which. 
passes from the sun to the house; you see no rays but those ' 
which enter your eyes; therefore it is the rays which are re« ^ 
fleeted by the house to you, and not those which proceed 
from the sun to the house, that are visible to you. 

Carolina Why then does one side of the house appear | 
to be in sunshine, and the other in the shade? for if I can ! 
not see the sun shine upon it, the whole of the house sbooid 
appear in the shade. 

Mrs. B. That side of the house which the sun shines 
upon, reflects more vivid and luminous rays than the side 
which is in shadow, for the latter is illumined only by rays 
reflected upon it by other objects, these rays are therefore 
twice reflected before they reach your sight; and as light is 
more or less absorbed by the bodies it strikes upoD| CYcrj 
time a ray is reflected its intensity is diminished. 
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CaroUne. Still I can not reconcile myself to the idea, 
that fve do not see the sun's rays shiuiug on objects, but 
obIt those which objects reflect to us. 

Jifiv. B. I do not, however, despair of convincing you 
or it Look at that large sheet of water, can you lell why 
the BUD appears to shiue on one part of it only? 

CaroHne, No, indeed; for the whole of it is equally cx« 
poied to the sun. This partial brilliancy of water has often 
excited niy wonder; but it has struck me more particularly 
by moon-light. I have frequently observed a vivid streak 
of moonshine on the sea, while the rest of the water remain- 
ed in deep obscurity, and yet there was no apparent obstacle 
to prevent the moon from shining on every part of the water 
equally. 

Mrs. B, By moon-light the effect is more remarkable, 
OB account of the deep obscurity of the other parts of the wa- 
ter; while by the sun's light the cHect is too strong for the 
eye to be able to contemplate it. 

Caroline. But if the sun really shines on every part of 
that sheet of water, why does not every part of it reflect 
• rays to my eyes? 

Mrs. B. The reflected rays are not attracted out of their 
natural course by your eyes. The direction of a reflected 
ray, you know, depends on that of the incident ray; the 
iuq's rays, therefore, which fall with various degrees of ob- 
liquity upon the water, are reflected in directions equally 
various; some of these will meet your eyes, and you will 
lee them, but those which fall elsewhere are invisible to 
yoa« 

CarolvM. The streak of sunshine, then, which we now 
see upon the water, is composed of those rays which by 
their reflection happen to fall upon my eyes? 
Mrs. B. Precisely. 

Emily. But is that side of the house yonder, which ap- 
pears to be in shadow, really illuminated by the sun, and 
its rays reflected another way? 

Mrs. B, No; that is a different case from the sheet of 
water. That side of the house is really in shadow; it is 
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the west side, which the sun can not shine upoti till the 
afternoon. 

EmUrj. Those objects, then, which are illumined bj 
reflected rays, and those which receive direct rays from the 
sun, but which do not reflect those rays towards us, appear 
equally in shadow? 

Mrs. B, Certainly; for we see them both illumined by 
reflected rays. That part of the sheet of water, over which 
the trees cast a shadow, by what light do you see it? 

Emily. Since it is not by the sun's direct rays, it must 
be by those reflected on it from other objects, and which it 
again reflects to us. 

Caroline. But if we see all terrestrial objects by reflect- 
ed light, (as we do the moon,) why do they appear so bright 
and luminous? 1 should have supposed that reflected rajs 
would have been dull and faint, like those of the moon. 

J\Irs. B. The moon reflects the sun's light with as much 
vividness as any terrestrial object. If you look at it on a 
clear night, it will appear as bright as a sheet of water, the 
walls of a house, or any object seen by daylight and oa 
which the sun shines. The rays of the moon are doubtless 
feeble, when compared with those of the sun; but that would 
not be a fair comparison, for the former are incident, the 
latter reflected rays. 

Caroline. True; and when we see terrestrial objects by 
moon-light, the light has been twiee reflected, and is conse- 
quently proportionally fainter. 

Mrs. B. In traversing the atmosphere, the rays, both ol 
the sun and moon, lose some of their light. For though the 
pure air is a transparent medium, which transmits the rayi 
of light freely, we have observed, that near the surface ol 
the earth it is loaded with vapours and exhalations, by whiet 
some portion of them are absorbed. 

Caroline. I have often noticed, that an object on thi 
summit of a hill appears more distinct than one at an equa 
distance in a valley, or a plain; which is owing, I suppose 
to the air being more free from vapours in an elevated situ- 
ation, and the reflected rays being consequently brighter. 

Mrs. B. That may have some sensible efiect; but whei 
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an object on the sttmmit of a hill has a back ground of light 
skjr, the contrast with the object makes its oudine more dis- 
tinct^ 

, OoircHne, I now feel well satisfied, that we see opaque 
['■' object^ only by reflected rays; but 1 do not uoderstaod how 
' these rays show us the objects from which they proceed? 

Jitrs. B. The rays of light enter at the pupil of the eye, 

^ and proceed to the retina, or optic nerve, which is situated 

at the baek part of the eye-ball; and there they describe the 

^. figure, colour, and (excepting size) form a perfect represen* 

^ tation of the object from which they proceed. We shall 

} ngain close the shutters, and admit the light through the 

^ small aperture, and you will see a picture on the wall, op- 

f' posite the aperture, similar to that which is delineated on 

L the retina of the eye. 

r CardiiM, Oh, how wonderful! There is an exact pic- 
^ tare in miniature of the garden, the gardener at work, the 
trees blown about by the wind. The lau'dscape would be 
perfect, if it were not reversed; the ground being above, and 
the sky beneath. 

. Mrs. B. It is not enough to admire, you must under- 
stand this phenomenon, which is called a camera obscura, 
from the necessity of darkening the room, in order to exhi- 
bit it. 
[ This picture is produced by the rays of light reflected 
from the various objects in the garden, and which are ad- 
mitted through the hole in the window shutter. 

The rays from the glittering weathercock at the top of 
the alcove A, (plate XVI. fig. 1.) represent it in this spot a; 
for the weathercock being much higher than the aperture 
in the shutter, only a few of the rays, which are reflected 
by it in an obliquely descending direction, can find entrance 
there. The rays of light, you know, always move in straight 
1^ lines; those, therefore, which enter the room in a descend- 
L ing direction, will continue their course in the same direc- 
tion, and will consequently fall upon the lower part of the 
wiall opposite the aperture, and represent the weathercock 
reversed in that spot, instead of erect in the uppermost part 
of the landscape. 
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EmUy. And the rays of light from the steps (B) of the 
alcove, in eiiteriiig the aperture, asceod, and will describe -i 
those steps in the highest instead of the lowest part of the i 
landscape. '- ;* 

Mrs. B. Observe, too, that the rays coming from the ^ 
alcove, which is to our left, describe it on the wall to the 
right; while those which are reflected bj the walout-tree | 
C D, to our right, delineate its figure in the picture to the. j 
left c d. Thus the rays, coming in different directions, aod 
proceeding always in right lines, cross each other at their 
entrance through the aperture; those which come above pro-: 
ceed below, those from the right go to the left, those iroffl • 
the left towards the right; thus every object is represented * 
in the picture, as occupying a situation the very revene of 
that which it does in nature. 

Caroline, Excepting the flower-pot E F, which, though 1 
its position is reversed, has not changed its situation in tfae^ 
landscape. 

Mrs, jB. The flower-pot is directly in front of the ape^*^ 
ture; so that its rays fall perpendicularly upon it, and coa-^ 
sequentLy proceed perpendicularly to the wall, where the]^ 
delineate the object directly behind the aperture. 

EmUy. And is it thus that the picture of objects is paiatr , 
ed on the retina of the eye? 

Mrs. B. Precisely. The pupil of the eye, through which ^ 
the rays of light enter, represents the aperture in the win*. J 
dow-shutter; and the image delineated on the retina, is ex- ^ 
actly similar to the picture on the wall. ..j 

Caroline. You do not mean to say, that we see only the I 
representation of the object which is painted on the retina^ 7 
and not the object itself? . 

Mrs. B. If, by sight, you understand that sense by which ] 
the presence of objects is perceived by the mind, through 
the means of the eyes, we certainly see only the image ot ^ 
those objects painted on the retina. 

Caroline. This appears to me quite incredible. 

Mrs, B. The nerves are the only part of our frame ca- 
pable of sensation: they appear, therefore, to be the instru- 
ments which the mind employs in its perceptions^ for a icn* 
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tatioD alTTays eonvejs an idea to the mind. Now it is known, 
that our nerves can be affected only by contact; and for this 
reason the organs of sense can not act at a distance: for in- 
stance, we are capable of smelling only particles which are 
jetoaliy in contact with the nerves of the nose. We have 
ibeady observed, that the odour of a flower consists in efflu* 
VU^ composed of very minute particles, which penetrate the 
MNrtrils, and strike upon the olfactory nerves, which instantly 
^Bonvey the idea of smell to the miud. 
"* Emily. And sound, though it is said (o be heard at a 
^stance, is, in fact, heard only when the vibrations of the 
Ur, which convey it to our ears, strike upon the auditory 
IttTve. 
/. Caroline, There is no explanation required, to prove 
that the senses of feeling and of tasting are excited only by 
contact. 
:• Jl/rs. B. And I hope to convince you, that the sense of 

?' lit is so likewise. The nerves, which constitute the sense 
sight, are not different in their nature from those of the 
other organs; they are merely instruments which convey 
ideas to the mind, and can be afi<;cted only on contact. 
Now, since real objects can not be brought to touch the 
optic nerve, the image of them is conveyed thither by the 
rays of light proceeding from real objects which actually 
strike upon the optic nerve, and form that image which the 
mind perceives. 

Caroline, While I listen to your reasoning, I feel con- 
vinced; but when I look upon the objects around, and think 
tbat I do not see them, but merely their image painted in 
mj eyes, my belief is again staggered. I can not reconcile 
nysolf to the idea, that I do not really see this book which I 
Ibid ia my hand, nor the words which I read in it. 
rJUrs. B. Did it ever occur to you as extraordinary, that 
yoa never beheld your own face? 

Caroline. No; because I so frequently see an exact re- 
presentation of it in the looking-glass. 

Jlfr«. B. You see a far more exact representation of ob- 
jects on the retina of your eye: it is a much more perfect 
mirror than any made by art. 
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Emily, But is it possible, that the eKtensive landscape, , 
which 1 now behold from the window, should be represent- 
ed on so small a space as the retina of the eye? 

Jilrs. B. It would be impossible for art to paint so small 
and distinct a miniature; but nature works with a surer 
hand, and a more delicate pencil* That power, which forffls 
the feathers of the butterfly, and the flowerets of the daisy, 
can alone pourtray so admirable and perfect a miniature as 
that which is represented on the retina of the eye. 

Caroline. But, Mrs. B., if we see only the image of ob- 
jects, why do we not see them reversed, as you showed ns 
they were in the camera obscura? Is not that a strong argu- 
ment against your theory ? 

Mrs. B. Not an unauswerable one, I hope. The image 
on the retina, it is true, is reversed, like that in the camera 
obscura; as the rays, unless from a very small object, inter- 
sect each other on entering the pupil, in the same manner 
as they do on entering the camera obscura. The scene, 
however, does not excite the idea of being inverted, because 
we always see an object in the direction of the rays which 
it sends to us. 

Emily. I confess I do not understand that. 

jyirs. B, It is, I think, a difiicult point to explain clearly. 
A ray which comes from the upper part of an object, de- 
scribes the image on the lower part of the retina; but, ex- 
perience having taught us, that the direction of that ray is ^ 
from above, we consider that part of the object it represents , 
as uppermost. The rays proceeding from the lower part of \ 
an object fall upon the upper part of the retina; but as we • 
know their direction to be from below, we see that part of 
the object they describe as the lowest. 

Caroline, When I want to see an object above me, I 
look up; when an object below me, I look down. Does not 
this prove that I see the objects themselves? for if I beheld 
only the image, there would be no nreessity for looking up 
or down, according as the object was higher or lower than 
myself. 

Mrs. B. I beg your pardon. When you look up to an 
elevated object, it is in order that the rays reflected from it 
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should fall upon the retina of your eyes; but the very cir- 
cumstance of directing your eyes upwards, convinces you 
that the object is elevated, and teaches you to consider as 
uppermost the image it forms on the retina, though it is, in 
fact, represented in the lowest part of it. When you look 
down upon an object, you draw your conclusion from a simi- 
lar reasoning; it is thus that we see all objects in the direc- 
tbo of the rays which reach our eyes. 

But I have a further proof in favour of what I have ad- 
ranced, which I hope will remove your remaining doubts: I 
shall, however, defer it till our next meetings as the lesson 
has been sufficiently long to-day. 
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CONVERSATION XV- 



OVTlCS^-ctrntiwed. 

ON THE ANGLE OF VISION, AND THE REFLECTION OF MIRROIBS. 

ANGLE OF YlSIOir.— BSFXECTIOir OF PLAIN MIBRORS.— REFLECTION QB 
CONVEX SURROBS. — ^REFLECTION OF CONCATE XIRB0B8. 

CAROLINE. c; 

Well, Mrs. B., I am very impatient to hear what fur- 
ther proofs you have to offer in support of your theory. You 
must allow that it was rather provoking to dismiss us as yoQ 
did at our last meeting. 

Mrs, B. You press so hard upon me with your objee- 
tions, that you must give me time to recruit my forces. 

Can you tell me, Caroline^ why objects at a distance ap- 
pear smaller than they really are? 

Caroline. I know no other reason than their distance. 

Mrs. B. I do not think I have more cause to be satis- 
fied with your reasons, than you appear to be with mine. 
We must refer again to the camera obscura to account for 
this circumstance; and you will find, that the different ap- 
parent dimensions of objects at different distances, proceed 
from our seeing, not the objects themselves, but merely their 
image on the retina. Fig. 1 . plate XVII. represents a row 
of trees, as viewed in the camera obscura. 1 have expressed 
the direction of the rays, from the objects to the image, by 
lines. Now, observe, the ray which comes from the top 
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of the nearest tree, and that which comes from the foot of 
the same tree, meet at the aperture, forming an angle of 
about tfventy-five degrees; this is called the angle of vision, 
under which we see the tree. These rays cross each other 
at the aperture, forming equal angles on each side of it, and 
represent the tree inverted in the camera obscura. The 
degrees of the image are considerably smaller than those of 
the object, but the proportions are perfectly preserved. 

Now let us notice the upper and lower ray, from the most 
distant tree; they form an angle of not more than twelve or 
fifteen degrees, and an image of proportional dimensions. 
Thus, two objects of the same size, as the two trees of the 
avenue, form figures of different sizes in the camera obscura, 
according to their distance; or, in other words, according to 
the angle of vision under which they are seen. Do you 
understand this? 

Caroline. Perfectly. 

Mrs, B. Then you have only to suppose that the repre- 
sentation in the camera obscura is similar to that on the 
letina. 

Now since objects of the same magnitudes appear to be 
of different dimensions, when at different distances from us, 
let^ne ask you, which it is that you see; the real objects, 
which we know do not vary in size, or the images,, which 
we know do vary according to the angle of vision under 
which we see them? 

Caroline. I must confess, that reason is in favour of the 
latter. But does that chair at the further end of the room 
form an image on my retina much smaller than this which 
is close to me? they appear exactly of the same size. 

Mrs. B. I assure you they do not. The experience we 
acquire by the sense of touch corrects the errors of our sight 
with regard to objects within our reach. You are so per- 
ferfectly convinced of the real size of objects which you can 
handle, that you do not attend to their apparent dinerence. 

Does that house appear to you much smaller ths^s when 
you are close to it. 

Caroline. No, because it is very near us. 

Mrs. B. And yet you can see the whole of it through 
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one of tbe windows of this room. The image of the bouse 
on your retina must, therefore, be smaller than that of the 
window through which you see it. It is your knowledge of 
the real size of the house which prevents your attending to 
its apparent magnitude. If you were accustomed to draw 
from nature, you would be fully aware of this difference. 

Emily. And pray, what is the reason that, when we 
look up an avenue, the trees not only appear smaller as they 
are more distant, but seem gradually to approach each other 
till they meet in a point? 

Mrs. B. Not only the trees, but the road which sepa- 
rates tbe two rows, forms a smaller visual angle, in propor- 
tion as it is more distant from us; therefore the width of the 
road gradually diminishes as well as the size of the trees, 
till at length the road apparently terminates in a point, at 
ivbich the trees seem to meet. 

But Ibis effect of the angle of vision will be more fully 
illustrated by a little model of an avenue, which I have madle 
for that purpose. It consists of six trees, leading to a hexa- 
gonal temple, and viewed by an eye, on the retina of which 
the picture of the objects is delineated. 

I beg that you will not criticise the proportions, for though 
the eye is represented the size of life, while the trees are 
not more than three inches high, the disproportion does not 
affect tbe principle, which the model is intended to elucidate. 

Emily, The threads which pass from the objects through 
tbe pupil of the eye to the retina, are, I suppose, to represent 
the rays of light which convey the image of the objects to 
the retina? 

Mrs. B. Yes. I have been obliged to limit tbe rays to 
a very small number, in order to avoid confusion; there are, 
you see, only two from each tree. 

Caroline. But as one is from the summit, and the other 
from the foot of the tree, they exemplify the different angles 
under which we see objects at different distances, better 
than if there were more. 

J\Irs. B. There are seven rays proceeding from the 
temple, one from the summit, and two from each of the 
Mg}e9 that are visible to the eye, as it is situated; from these 
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you may form a just idea of the difference of the angle of 
yisioD of objects viewed obliquely, or in front; for though 
the six sides of the temple are of equal dimensions, that 
which is opposite to the eye is seen under a much larger 
angle, than those which are viewed obliquely. It is on this 
principle that the laws of perspective are founded. 

Emily. I am very glad to know that, for I have lately 
begun to learn perspective, which appeared to me a very 
dry study; but now that I am acquainted with the principles 
on which it is founded, I shall find it much more interesting. 

Carcline, In drawing a view from nature, then, we do 
not copy the real objects, but the image they form on the 
letina of our eyes? 

Mrs. B, Certainly. In sculpture, we copy nature as 
die really exists; in painting, we represent her as she ap- 
pears to us. It was on this account that I found it difficult 
to explain by a drawing the effects of the angle of vision, 
and was under the necessity of constructing a model for that 
pvipose. 

EmUy, I hope you will allow us to keep this model 
some time, in order to study it more completely, for a great 
deal may be learned from it; it illustrates the nature of the 
angle of vision, the apparent diminution of distant objects, 
and the inversion of the image on the retina. But pray, 
why are the threads that represent the rays of light, colour- 
ed, the same as the objects from which they proceed? 

J[fr8. B. That is a question which you must excuse my 
answering at present, but I promise to explain it to you in 
due time. 

1 consent very willingly to your keeping the model on 
condition that you will make an imitation of it, on the same 
principle, but representing different objects. 

We must now conclude the observations that remain to 
be made on the angle of vision. 

If an object, with an ordinary degree of illumination, 
does not subtend an angle of more than two seconds of a de- 
gree, it is invisible. There are consequently two cases in 
which objects may be invisible, either if they arc too small* 

17* 



194 ON THE ANGLE OF VISION. 

or SO distant as to form an angle less than two seconds of a 
degree. 

In like manner, if the velocity of a body does not exceed 
20 degrees in an hour, its motion is imperceptible. 

Caroline, A very rapid motion may then be impercepti- 
ble, provided the distance of the moving body is sufficiently 
great. 

Mrs. B. Undoubtedly; for the greater its distance, the 
smaller will be the angle under which its motion will ap- 
pear to the eye. It is for this reason that the motion of the 
celestial bodies is invisible, notwithstanding their immense 
velodty. 

Emily . I am surprised that so great a velocity hs SO de- 
grees an hour should be invisible. 

Mfrs. B. The real velocity depends altogether on the 
space comprehended in each degree; and this space depends 
on the distance of the object, and the obliquity of its patk 
Observe, likewise, that we can not judge of the velocity of 
a body in motion unless we know its distance; for supposing 
two men to set off at the same moment from A and B, (fig. 
2.) to walk each to the end of their respective lines C and 
D; if they perform their walk in the same space of tinsey 
they must have proceeded at a very different rate, and yet to 
an eye situated at E, they will appear to have moved with 
equal velocity: because they will both have gone through an 
equal number of degrees, though over a very unequal length 
of ground. Sight is an extremely useful sense no doubt, 
but it can not always be relied on, it deceives us both in 
regard to the size and the distance of objects; indeed our 
senses would be very liable to lead us into error, if experi- 
ence did not set us right. 

Emily. Between the two, I think that we contrive to 
acquire a tolerably accurate idea of objects. 

Mrs, B, At least sufficiently so for the general purposes 
of life. To convince you how requisite experience is to 
correct the errors of sight, I shall relate to you the case of 
a young man who was blind from his infancy, and who re- 
covered his sight at the age of fourteen, by the operation of 
couching. At first, he had no idea either ef the siie er dis- 
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:aiice of objects, but imagined that every thing he saw touch* 
ed his eyes; and it was not till after having repeatedly felt 
tbeai, and walked from one object to another, that he ac- 
i]uired an idea of their respective dimensions, their relative 
lituations, and their distances. 

Caroline. The idea that objects touched bis eyes, is 
however not so absurd, as it at first appears; for if we con« 
lider that we see only the image of objects, this image ac- 
tually touches our eyes. 

Mrs. B. That is doubtless the reason of the opinion be 
formed, before the sense of touch had corrected his judgment. 

Caroline. But since an image must be formed on the 
retina of each of our eyes, why do we not see objects double? 

J)b'8. B. The action of the rays on the optic nerve of 
each eye is so perfectly similar, that they produce but a single 
sensation, the mind therefore receives the same idea, from 
the retina of both eyes, and conceives the object to be single. 

Caroline. This is difficult to comprehend, and I should 
tbiok, can be but conjectural. 

Mrs. B, I can easily convince you, that you have a 
distinct image of an object formed on the retina of each eye. 
Look at the bell rope, and tell me do you see it to the right 
or the left of the pole of the fire-skreen? 

Caroline. A little to the right of it. 

Mrs. B. Then shut your right eye, and you will see it 
to the left of the pole. 

Caroline. That is true indeed ! 

Mrs. B. There are evidently two representations of the 
bell-rope in different situations, which must be owing to an 
image of it being formed on both eyes; if the action of the 
rays therefore on each retina were not so perfectly similar 
as to produce but one sensation, we should see double, and 
we find that to be the case with many persons who are af- 
rflicted with a disease in one eye, which prevents the rays of 
light from affecting it in the same manner as the other. 

EmUy. Pray, Mrs. B., when we see the image of an 
•bject in a looking-glass, why is it not inverted as in the 
camera obscura, and on the retina of the eye.^ 

Mrs. £. Because the rays do not eatec the ml«Qc b^ % 
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small aperture, and cross each other, as they do at the orifice 
of a camera obscura, or the pupil of the eye. 

When you view yourself in a mirror, the rays from your 
eyes fall perpendicularly upon it, and are reflected in the 
same line; the image is therefore described behind the 
glass, and is situated in the same manner as the object be- 
fore it. 

Emiiy, Yes, I see that it is; but the looking-glass is not 
nearly so tall as I am, how is it therefore that I can see the 
whole of my figure in it? 

Mrs, B, It is not necessary that the mirror should ht 
more than half your height, in order that you may see the 
whole of your person in it, (fig. 3 ) The ray of ligh| A B 
from your eye, which fails perpendicularly on the mirror 
B D, will be reflected back in the same line; but the nj 
from your feet will fall obliquely on the mirror, for it must 
ascend in order to reach it; it will therefore be reflected il 
the line A D: and since we view objects in the direction of 
the reflected rays, which reach the eye, and that the image 
appears at the same distance behind the mirror that the ob* 
ject is bf fore it, we must continue the line A D to E, and 
the line C D to F, at the termination of which, the image 
will be represented. 

Emily. Then I do not understand why I should not see 
the whole of my person in a much smaller mirror, for a ray 
of light from my feet would always reach it, though more 
oblrquely. 

Mrs. B. True; but the more obliquely the ray falls on 
the mirror, the more obliquely it will be reflected; the ray 
would therefore be reflected above your head, and you could 
not see it. This is shown by the dotted line (fig. S.) 

Now stand a little to the right of the mirror, so that the 
rays of light from your figure may fall obliquely on it ■■ 

Emily, There is no image formed of me in the glass 
now. 

Mrs. B. I beg your pardon, there is; but you can not 
see it, because the incident rays falling obliquely on the 
mirror will be reflected obliquely in the opposite direction, 
the angles of incidence and of reflection being equal. Caro- 
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line, place yourself in the direction of the reflected rays, 
and tell me whether you do not see Emily's image in the 
glass? 

Caroline. Let me consider. — ^In order to look in the di- 
rection of the reflected rays, I must place myself as much 
to the left of the glass as Emily stands to the right of it. — 
Now I see her image, but it is not straight before me, but 
bdbre her; and appears at the same distance behind the 
glass, as she is in front of it. 

Mrs. B. You must recollect, that we always see objects 
in the direction of the last rays which reach our eyes. Figure 
4 represents an eye looking at the imageof a vase, reflected 
hj a mirror; it must see it in the direction of the ray A B, 
as that is the ray which brings the image to the eye; prolong 
the ray to C, and in that spot will the image appear. 

Caroline. I do not understand why a looking-glass re-^ 
fleets the rays of light; for glass is a transparent body which 
should transmit them? 

Mn. B. It is not the glass that reflects the rays which 
foroi the image you behold, but the mercury behind it. The 
^ass acts chiefly as a transparent case, through which the 
rays, find an easy passage. 

Caroline. Why then should not mirrors be made simply 
of mercury? 

Mrs, B. Because mercury is a fluid. By amalgamating 
it with tin-foil, it becomes of the consistence of paste, at- 
taches itself to the glass, and forms in fact a mercurial mir- 
ror, which would be much more perfect without its glass 
co?er, for the purest glass is never perfectly transparent; 
some of the rays therefore are lost during tb^ir pastage 
through it, by being either absorbed, or irregularly re- 
flected. 

This imperfection of glass mirrors has introduced the use 
of metallic mirrors, for optical purposes. 

Emily. But since all opaque bodies reflect the rays of 
light, I do not understand why they are not all mirrors? 

Caroline. A curious idea indeed, sister; it would be 
very gratifying to see oneself ia every obj^^\. ^1\h^\^Vw^^^ 
looked. 
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Mrs. B. It is very true that ali opaque objects reflect 
light; but the surface of bodies in general is so rough and 
uneven, that their reflection is extremely irregufar, v^hich 
prevents the rays from forming an image on the retiua. 
This you will be able to understand better, when I shall 
explain to you the nature of vision, and the structure of the 
eye. 

You may easily conceive the variety of directions in which 
rays would be reflected by a nutmeg-grater, on account of 
the inequality of its surface, and the number of holes with 
which it is pierced. All solid bodies resemble the nutmeg- 
grater in these respects, more or less; and it is only those 
which are susceptible of receiving a polish, that can be made ^ 
to reflect the rays with regularity. As hard bodies are of ' 
the closest texture, the least porous, and capable of taking 
the highest polish, they make the best mirrors; none there- v 
fore are so well calculated for this purpose as metals, 

Caroline. But the property of regular reflection is not 
confined to this class of bodies; for I have often seen myself 
in a highly polished mahogany table. 

Mrs, B. Certainly; but as that substance is less durable^ 
and its reflection less perfect, than that of metals, I believe 
it would seldom be chosen for the purpose of a mirror. 

There are three kinds of mirrors used in optics; the plaitt 
or flat, which are the common mirrors we have just mefi* 
tioned; convex mirrors, and concave mirrors. The reflec- 
tion of the two latter is very different from that of the former. 
The plain mirror, we have seen, does not alter the directioD 
of the reflected rays, and forms an image behind the glass 
exactly similar to the object before it. A convex mirror has 
the peculiar property of making the reflected rays diverge, 
by which means it diminishes the image; and a concavt 
mirror makes the rays converge, and under certaia circum- 
stances, magnifies the image. 

Emily. We have a convex mirror in the drawing-room, 
which forms a beautiful miniature picture of the objects in 
the room; and I have often amused myself with looking at 
my magnified face in a aoncave mirror. But I hope you will 
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explain to us why the one enlarges, while the other dimin- 
ishes the objects it reflects. 

J[tr8. B. Let us begin by examining the reflection of a 

convex mirror. This is formed of a portion of the exterior 

surface of a sphere. When several parallel rays fall upon 

it, that ray only which, if prolonged, would pass through the 

eentre or axis of the mirror, is perpendicular to it. In order 

i to avoid confusion, I have, in fig. 1. plate XVIII. , drawn 

' onlly three parallel lines, A B, C D, E F, to represent rays 

; falling on the convex mirror M N; the middle ray, you will 

. obsejrve, is perpendicular to the mirror, the others fall on it 

! obii^oely.^ 

Caroline, As the three rays are parallel, why are they 
not all perpendicular to the mirror? 

Mrs. B, They would be so to a flat mirror; but as this 
is spherical, no ray can fall perpendicularly upon it which 
'" Js not directed towards the centre of the sphere. 

Emily, Just as a weight falls perpendicularly to the earth 
when gravity attracts it towards the centre. 

Jiirs. B. In order, therefore, that rays may fall perpen- 
dicularly to the mirror at B and F, the rays must be in the 
, direction of the dotted lines, which, you may observe, meet 
at the centre O of the sphere, of which the mirror forms H 
' -portion* 

Now can you tell me in what direction the three rayi,^ 
ArJB,.C D, E F, will be reflected? 

Emily. Tes, I think sot the middle ray. falling perpen* 
; dicularly on the mirror, will be reflected in the same line: 
' the two others falling obliquely, will be reflected obliquely 
to OH; for the dotted lines you have drawn are perpendi- 
culars, which divide their angles of incidence and reflec- 
tion. 

Mrs. B. Extremely well, Emily: and since we see ob- 
jects in the directfon of the reflected ray, we shall see the 
image L, which is the point at which the reflected rays, if 
continued through the mirror, would unite and form an 
image. This point is equally distant, from the surface and 
centre of the sphere, and is called the imagiiiiry focus of 
the mirror. 
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Caroline. Praj, what is the meaning of foeus? 

Mrs: B, A point at which converging rays unite. And 
it is in this case called an imaginary focus; because the rays 
do not really unite at that point, but only appear to do so: 
for the rays do not pass through the mirror, since they are 
reflected by it. 

EmUy. I do not yet understand why an object appears 
smaller when viewed in a convex mirror. 

J[lrs. B. It is owing to the divergence of the reflected 
rays. You have seen that a convex mirror converts, by re- 
flection, parallel rays into divergent rays; rays that fall upOQ 
the mirror divergent, are rendered still more so by reflec- 
tion, and convergent rays are reflected either parallel, or 
less converge4)t. If then an object be placed before any 
part of a convex mirror, as the vase A B, fig. 2. for instancCi 
the two rays from its extremities, falling convergent on the 
mirror, will be reflected less convergent, and will not come 
to a focus till they arrive at C; then an eye placed in the 
direction of the reflected rays, will see the image formed in 
(or rather behind) the mirror at ab, 

Caroline, But the reflected rays do not appear to me to 
converge less than the incident rays. I should have sup- 
posed that, on the contrary, they converged more, since they 
meet in a point? 

Mrs. B. They would unite sooner than they actually do, 
if they were not less convergent than the incident rays: for 
observe, that if the incident rays, instead of being reflected 
by the mirror, continued their course in their original direc- 
tion, they would come to a focus at D, which is considerably 
nearer to the mirror than at C; the image is therefore seen 
under a smaller angle than the object; and the more distant 
the latter is from the mirror, the less is the image reflected 
by it. 

You will now easily understand the nature of the reflec- 
tion of concave mirrors. These are formed of a portion of 
the internal surface of a hollow sphere, and their peculiar 
property is to converge the rays of light. 

Can you discover^ Carolinei in what direction the three 
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parallel rays, A B, CD, E F, which fall on the coDcave 
mirror MN, (fig. 3.) are reflected? 

Caroline. I believe I can. The middle ray is sent back 
in the same line, as it is in the direction of the axis of the 
mirror; and the two others will be reflected obliquely, as 
they fall obliquely on the mirror. I must now draw two 
dotted lines perpendicular to their points of incidence, which 
will divide their angles of incidence and reflection; and in 
order that those angles may be equal, the two oblique rays 
must be reflected to L, where they will unite with the mid- 
dle ray. 

Mrs. B, Very well explained. Thus you see, that when 
any number of parallel rays fall on a concave mirror, they 
are all reflected to a focus: for in proportion as the rays arc 
more distant from the .axis of the mirror, they fall more ob- 
liquely upon it, and are more obliquely reflected; in conse- 
Sience of which they come to a focus in the direction of 
e axis of the mirror, at a point equally distant from the 
centre and the surface of the sphere, and this point is not an 
imaginary focus, as happens with the convex mirror, but is 
the true focus at which the rays unite. 

Emily. Can a mirror form more than one focus by re- 
flecting rays? 

Mrs. B. Yes. If rays fall convergent on a concave mir- 
ror, (fig. 4.) they are sooner brought to a focus, L, than 
Sarallel rays; their focus is therefore nearer to the mirror 
I N. Divergent rays are brought to a more distant focus 
than parallel rays, as in figure 5, where the focus is at L; 
but the true focus of mirrors, either couvex or concave, is 
that of parallel rays, which is equally distant from the cen- 
tre, and the surface of the sphere. 

I shall now show you the reflection of real rays of light, 
by a metallic concave mirror. This is one made of polish- 
ed tin, which I expose to the sun, and as it shines bright, 
we shall be able to collect the rays into a very brilliant focus. 
I hold a piece of paper where I imagine the focus to be 
situated; you may see by the vivid spot of light ou ibe paper, 
how much the rays converge: but it is not yet exactly luthe 
focus; as I approach the paper lo vYio^V. ^^\v\^ ^i^^^w^Vv^ss 
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the brightness of the spot of light increases, while its size 
diminishes. 

Caroline. That must be occasioned by the rays becom- 
ing closer together. I think you hold the paper just in the 
focus now, the light is so small and dazzling — Oh, Mrs, B., 
the paper has taken fire! 

Mrs. B, The rays of light can not be concentrated, 
without, at the same time, accumulating a proportional 
quantity of heat: hen6e concave mirrors have obtained the 
name of burning-mirrors. 

Emily. I have often heard of the surprising effects of 
burning-mirrorS| and I am quite delighted to understand 
their nature. , 

Caroline. It can not be the true focus of the mirror at 
which the rays of the sun unite, for as they proceed from a 
point, they must fall divergent upon the mirror. 

Mrs. B. Strictly speaking, they certainly do. But when 
rays come from such an immense distance as the sun, their, 
divergence is so trifling, as to be imperceptible; and they 
may be considered as parallel: their point of union is, there* 
fore, the true focus of the mirror, and there the image of the 
object is represented. 

Now that I have removed the mirror out of the influence 
of the sun^s rays, if I place a burning taper in the focus, 
how will its light be reflected? (Fig. 6.) 

Caroline. That, I confess, I can not say. 

Mrs. B. The ray which fails in the direction of the 
axis of the mirror, is reflected back in the same line; but 
let us draw two other rays from the focus, falling on the 
mirror at B and F; the dotted lines are perpendicular to 
those points, and the two rays will therefore be reflected to 
A and E. 

Caroline. Oh, now I understand it clearly. The rays 
which proceed from a light placed in the focus of a concave 
mirror fall divergent upon it, and are reflected parallel. It 
is exactly the reverse of the former experiment, in which 
the sun's rays fell parallel on the mirror, and were refltcted 
to a focus. 

Mrs. B, Yes: when the incident rays are parallel, the 
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reflected rays converge to a focus; when, on the contrary, 
the incident rays proceed from the focus, they are reflected 
parallel. This is an important law of optics, and since you 
are now acquainted with the principles on which it is found- 
ed, I hope tbat you will not forget it. 

Caroline, I am sure that we shall not. But, Mrs. B., 
jou said that the image was formed in the focus of a concave 
mirror; yet I have frequently seen glass concave mirrors, 
where the object has been represented within the mirror, in 
the same manner as in a convex mirror. 

JIfrf. B. Tbat is the case only, when the object is placed 
between the mirror and its focus; the image then appears 
magnified behind, or, as you call it, witbin the mirror. 

Caroline, I do not understand why the image should be 
larger than the object. 

Mrs. B, It proceeds from the convergent property of the 
concave mirror. If an object, A B, (fig. 7.) be placed be- 
tween the mirror and its focus, the rays from its extremities 
foil divergent on the mirror, and on being reflected, become 
less divergent, as if they proceeded from C: to an eye placed 
in that situation the image will appear magnified behind the 
mirror at a 6, since it is seen under a larger angle than the 
object. 

Tou now, I hope, understand the reflection of light by 
opaque bodies. At our next meeting, we shall enter upon 
another property of light, no less interesting, which is called 
refraction. 
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ON REFRACTION AND COLOURS. 

TMANSMISSIOir OF LIGHT BT TRANSPARENT BOIHES. — REFRACTIOV. — ^^E- 

FR ACTION OF THE ATMOSPHERE. REFRACTION OF A LENS. — REFRACTION 

OF THE PRISM. — OF THE COLOURS OF RATS OF LIGHT.— 'OF THE COLOUBS 
OF BODIES. 

MRS* B* 

The refraotion of light will furnish the subject of to day's 
lesson. 

Caroline. That is a property of which I have not the 
faintest idea. 

Mrs. B, It is the effect which transparent mediums 
produce on light in its passage through them. Opaque bo- 
dies, you know, reflect the rays, and transparent bodies 
transmit them; but it is found, that if a ray, in passing from 
one medium into another of different density, fall obliquely, 
it is turned out of its course. 

Caroline. It must then be acted on by some new power, 
otherwise it would not deviate from its first direction. 

Mrs. B. The power which causes the deviation of the 
ray appears to be the attraction of the denser medium. Let 
us suppose the two mediums to be air and water; if a ray of 
light passes from air into water, it is more strongly attracted 
by the latter on account of its superior density. 

Emily. In what direction does the water attract the ray ? 

Mrs. B. It must attract it perpendicularly towards it, 
in the same manner as gravity acts on bodies. 



l* 



THE NEW YOR K 

PUBLIC UBRAHY 



Mmi, LCMOX AND 
VLOat rOUMMTIOM 



TUC REFRACTION OF LIGHT. 205 

y.- If then a ray, A B, (fig. 1. plate XIX.) fall perpcndicu- 

Hbriy CD water, the attraction of the ivater acts in the same 
jffireetioD as the course of the ray: it will not therefore cause 
4 df)H&tioD, and the ray will proceed straight on to E. But 
iJFit fidi obliquely, as the ray C B, the water will attract it 
wi.of its course. Let us suppose the ray to have approach- 
isd the surface of a denser medium, and that it there begins 
tobe afiected by its attraction; this attraction, if not coun- 
teracted by some other power, would draw it perpendicu- 
larly to the water, at B; but it is also impelled by its projec- 
tile force, which the attraction of the denser medium can 
not overcome; the ray, therefore, acted on by both these pow- 
ers, moves in a direction between them, and instead of pur- 
suing its original course to D, or being implicitly guided by 
the water to E, proceeds towards F, so that the ray appears 

. bent or broken. 

Caroline. I understand that very well; and is not this 

tfae reason that oars appear bent in water? 

Mrs, B, ' It is owing to the refraction of the rays reflect- 
ed by the oar; but this is in passing from a dense to a rare 
medium, for you know that the rays, by means of which you 
see the oar, pass from water into air. 

Emily. But I do not understand why a refraction takes 

flace when a ray passes from a dense into a rare medium; 
should suppose that it would be rather less, than more, 
attracted by the latter. 

Mrs. B, And it is precisely on that account that the ray 
is refracted. C B, fig. 2. represents a ray passing obliquely 
from the glass into water: glass being the denser medium, 
the ray will be more strongly attracted by that which it leaves 
than by that which it enters. The attraction of the glass 
acts in the direction A B, while the impulse of projection 
would carry the ray to F; it moves, therefore, between these 
directions towards D. 

EmUy. So that a contrary refraction t^kes place when 
a ray passes from a dense into a rare medium. 

Caroline. But does not the attraction of the denser 
medium affect the ray before it touches it? 

Mrs. B. The distance at which the attraction of the 
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denser medium acts upon a ray is so small as to be insen- 
sible; it appears therefore to be refracted only at the point 
at which it passes from one medium to the other. 

Now that you understand the principle of refraction, I 
will show you the refraction of a reaixay of light. Do you 
see the flower painted at the bottom of the inside of this 
tea-cup? (Fig. 3.) 

^ Emily. Yes. — But now you have moved it just out of 
sight, the rim of the cup hides it. 

Mrs, B. Do not stir. I will fill the cup with water, 
and you will see the flower again. 

Emily. I do indeed! Lot me try to explain this: when 
you draw the cup from me so as to conceal the flower, the 
rays reflected by it no longer meet my eyes, but were direct- 
ed above them; but now that you have filled the cup with 
water, they are refracted by the attraction of the water, and 
bent downwards, so as again to enter my eyes. 

Mrs, B, You have explained it perfectly: fig. 3. will 
help to imprint it on your memory. You must observe that 
when the flower becomes visible by the refraction of the ray, 
you do not see it in the situation which it really occupies, 
but an image of the flower higher in the cup; for as objects 
always appear to be situated in the direction of the rays 
which enter the eye, the flower will be seen in the direction 
of the reflected ray B. 

Emily. Then, when we see the bottom of a clear stream 
of water, the rays which it reflects being refracted in their 
passage from the water into the air, will make the bottom 
appear higher than it really is. 

Mrs. B. And the water will consequently appear more 
shallow. Accidents have frequently been occasioned by this* 
circumstance; and boys who are in the habit of bathing 
should be cautioned not to trust to the apparent shallowness 
of water, as it will always prove deeper than it appears; 
unless, indeed, they view it from a boat on the water, which 
will enable them to look perpendicularly upon it; when the 
rays from the bottom passing perpendicularly, no refraction 
will take place. 

The refraction of light prevents our seeing the heavenly 
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bodies in their real situation: the light they send to us being 
refracted in passing into the atmosphere, we see the sun and 
stars in the direction of the refracted ray; as described in 
fig. 4, plate XIX., the dotted line represents the eitent of 
the atoQosphere, above a portion of the earth, E B £: a ray 
of light coming from the sun S falls obliquely on it at A, 
and is refracted to B; then, since we see the object in the 
direction of the refracted ray, a spectator at B will see an 
image of the sun at C, instead of the real object at S. 

Emily. But if the sun were immediately over our heads^ 
its rays falling perpendicularly on the atmosphere would not 
be refracted, and we should then see the real sun, in its 
true situation. 

Mrs. B. You must recollect that the sun, is vertical 
only to the inhabitants of the torrid zone; its rays, therefore, 
are always refracted in these climates. There is also an- 
other obstacle to our seeing the heavenly bodies in their 
real situations: light, though it moves with extreme velocity, 
is about eight minutes and a half in its passage from the 
sun to the earth; therefore, when the rays reach us, the sun 
must have quitted the spot he occupied on their departure; 
yet we see him in the direction of those rays, and conse- 
quently in a situation which he had abandoned eight minutes 
and a half before. 

EmUy. When you speak of the sun's motion, you mean, 
' I suppose, his apparent motion, produced by the diurnal 
motion of the earth? 

Mrs. B. No doubt; the effect being the same, whether 
it is our earth, or the heavenly bodies which move: it is 
more easy to represent things as they appear to be, than as 
they really are. 

CarolvM. During the morning, then, when the sun is 
rising towards the meridian, we must (from the length of 
time the light is in reaching us) see an image of the sun 
below that spot which it really occupies. 

Emily. But the refraction of the atmosphere counter- 
acting this effect, we may perhaps, between the two, see 
the sun in its real situation. 

Caroline^ And in the afternoon, when the sun is sinking 
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in the west, refraction and the length of time which the light 
is in reaching the earth, will conspire to render the image 
of the sun higher than it really is. 

Mrt. B. The refraction of the sun's rays by the atmos- 
phere prolongs our days, as it occasions our seeing an image 
of the sun, both before he rises and after he sets; for below 
the horizon, he still shines upon the atmosphere, and his 
rays are thence refracted to the earth. So likewise we see 
an image of the sun before he rises, the rays that previously 
fall upon the atmosphere being reflected to the earth. 

Caroline. On the other hand, we mast recollect that 
light is eight minutes and a half on its journey; so that, by 
the time it reaches the earth, the sun may perhaps be risen 
above the horizon. 

Emily. Pray do not glass-windows refract the light? 

Mrs, B. They do; but this refraction is not perceptible, 
because, in passing through a pane of glass, the rays suffer 
two refractions, which being in contrary directions, produce 
the same effect as if no refraction had taken place. 

Emily. I do not understand that. 

Mrs, B. Fig. 5. plate XIX. will make it clear to you: 
A A represents a thick pane of glass seen edgeways. When 
the ray B approaches the glass at C, it is refracted by it; 
and instead of continuing its course in the same direction, 
as the dotted line describes, it passes through the pane to 
D; at that point returning into the air it is again refracted 
by the glass, but in a contrary direction to the first refrac- 
tion, and in consequence proceeds to E. Now you must ob- 
serve that the ray fi C and the ray D -£ being parallel, the 
light does not appear to have suffered any refraction. 

EmUy, So that the effect which takes place on the ray 
entering the glass, is undone on its quitting it. Or, to ex- 
press myself more scientifically, when a ray of light passes 
from one medium into another, and through that into the 
first Bgain, the two refractions being equal and in opposite 
directions, no sensible effect is produced. 

Mrs, B. This is the case when the two surfaces of the 
refracting medium are parallel to each other; if they are not, 



n 





^^F 




jy^ 




-- 


IS<IM 


,---'=^^^^ 




z 




L-s^siSSSS:;^ 


— 


~ 


»». 







LZ 


i?- 


, 


ir 


"'' ^ 




— 


-J 




ON REFRACTION AND COLOURS. 209 

the two refractions may be made in the same direction, as 
I shall show you. 

When parallel rays (fig. 6.) fall on a piece of glass hay- 
ing a double convex surface, and which is called a LenSy that 
only which falls in the direction of the axis of the lens is 
perpendicular to the surface; the other rays falling obliquely 
are refracted towards the axis, and will meet at a point be- 
yood the lens, called its focus. 

• *Or the three rays, ABC, which fall on the lens D E, the 
rays A and C are refracted in their passage through it, to a, 
and c, and on quitting the lens they undergo a second re- 
fraction in the same direction which unites them with the 
ray B, at the focus F. 

Emily. And what is the distance of the focus from the 
surface of the lens? 

Mr9» B. The focal distance depends both upon the form 
of the lens, and of the refractive power of the substance of 
which it is made: in a glass lens, both sides of which are 
equally convex, the fecus is situated nearly at the centre of 
the sphere of which the surface of the lens forms a portion; 
it is at the distance, therefore, of the radius of the sphere. 

There are lenses of various forms, as you will find de- 
scribed in fig. 1. plate XX. The property of those which 
have a convex surface is to collect the rays of light to a fo- 
cus; and of those which have a concave surface, on the 
contrary, to disperse them. For the rays A C falling on 
' the concave lens X Y, (fig. 7. plate XIX.) instead of con- 
verging towards the ray B, which falls on the axis of the 
lens, will each be attracted towards the thick edges of the 
lens, both on entering and quitting it, and will, therefore, 
by the first refraction, be made to diverge to a, c, and by 
the second to d, e, 

Caroline, And lenses which have one side flat and the 
other convex or concave, as A and B, fig. 1. plate XX., are, 
I suppose, less powerful in their refractions? 

Mrs. B. Yes; they are called plano-convex, and plano- 
concave lenses: the focus of the former is at the distance of 
the diameter of a sphere, of which the convex surface of the 
lens forms a portion; as represented in fig. 2. plate XX« 
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The three parallel rays ABC, are brought to a focus by 
the plano-convex lens, X Y at F. 

I must now explain to you the refraction of a triangular 
piece of glass, called a prism. (Fig. 3.) 

Emily, The three sides of this glass are flat; it can not 
therefore bring the rays to a focus; nor do I suppose that its 
refraction will be similar to that of a flat pane of glass, be- 
cause it has not two sides parallel; I can not therefore con- 
jecture what effect the refraction of a prism can produce. 

Mrs, B. The refractions of the light, on entering and 
on quitting the prism, are both in the same direction, (Fig* 
3.) On entering the prism P, the ray A is refracted irom 
B to C, and on quitting it from C to D. 

I will show you this in nature; but for this purpose it will 
be advisable to close the window-shutters, and admit, through 
the small aperture, a ray of light, which I shall refract by 
means of this prism. 

Caroline. Ob, what beautiful colours are represented on 
the opposite wall! There are all the colours of the rainbow, 
and with a brightness I never saw equalled. (Fig. 4. plate 
XX.) 

Emily, I have seen an efieet, in some respects similar 
to this, produced by the rays of the sun shining upon glass 
lustres; but how is it possible that a piece of white glass 
can produce such a variety of brilliant colours.^ 

Mrs, B, The colours are not formed by the prism, but 
existed in the ray previous to its refraction. 

Caroline, Yet, before its refraction, it appeared perfectly 
white. 

Mrs. B. The white rays of the sun are composed of 
coloured rays, which, when blended together, appear co- 
lourless or white. 

Sir Isaac Newton, to whom we are indebted for the most 
important discoveries respecting light and colours, was the 
first who divided a white ray of light, and found it to consist 
of an assemblage of coloured rays, which formed an image 
upon the wall, such as you now see exhibited, (fig. 4.) in 
which are displayed the following series of colours: red, 
orange, yellow, green, blue, indigo, and violet. 
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Emily. But bow does a prism separate these coloured 
rays? 

Jtlrs. B. By refraction. H appears that the coloured rays 
have different degrees of refrangibility; in passing through 
the prism, therefore, they take different directions according 
to their susceptibility of refraction. The violet rays deviate 
most from their original course; they appear at one of the 
ends of the spectrum A B: contiguous to the violet, are the 
blue rays, being those which have somewhat less refrangi- 
bility; then follow, in buccession, the green, yellow, orange, 
and, lastly, the red, which are the least refrangible of the 
coloured rays. 

. Caroline. I can not conceive how these colours, mixed 
together, can become white? 

Mrs. B. That I can not pretend to explain; but it is a 
&ct that the union of these colours, in the proportions in 
which they appear in the spectrum, produce in us the idea 
of whiteness. If you paint a card in compartments with 
these seven colours, and whirl it rapidly on a pin, it will ap- 
pear white. 

But a more decisive proof of the composition of a white 
ray is afforded by reuniting these coloured rays, and form- 
ing with them a ray of white light, 

Caroline, If you can take a ray of white light to pieces, 
and put it together again, I shall be quite satisfied. 

Mrs, B. This can be done by letting the coloured rays, 
which have been separated by , a prism, fall upon a lens, 
which will converge them to a focus; and if, when Ihus re- 
united^ we find that they appear white as they did before 
refraction, I hope that you will be convinced that the white 
rays are a compound of the several coloured rays. The 
prism P, you see, (fig. 5.) separates a ray of white light into 
seven coloured rays, and the lens L L brings them to a focus 
at F, where they again appear white. 

Caroline. You succeed to perfection: this is indeed a 
most interesting and conclusive experiment. 

Emily. Yet, Mrs. B., I can not help thinking, that there 
may perhaps be but three distinct colours in the spectrum, 
red, yellow, and blue; and that the four others may consist of 
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two of these colours blended together; for, in painting, we 
find that by mixiitg red and yellow, we produce orange; with 
different proportions of red and blue, we make violet or any 
shade of purple; and yellow and blue form green. Now it 
is very natural to suppose, that the refraction of a prism may 
not be so perfect as to separate the coloured rays of light 
completely, and that those which are contiguous io order of 
refrangibility may encroach on each other, and by mixing 
produce the intermediate colours, orange, green, violet, and 
indigo. 

Mrs, B. Your observation is, I believe, neither quite 
wrong, nor quite right. Dr. Wollaston. who has refracted 
light in a more accurate manner than had been previously 
done, by receiving a very narrow line of light on a prism, 
found that it formed a spectrum, consisting of rays of foar 
colours only; but they were not exactly those you have named 
as primitive colours, for they consisted of red, green, blue, 
and violet. A very narrow line of yellow was visible, at 
the limit of the red and green, which Dr. Wollaston attri- 
buted to the overlapping of the edges of the red and green 
light. 

Caroline. But red and green mixed together, do not pro- 
duce yellow? 

Mrs, B, Not in painting; but it may be so in the primi- 
tive rays of the spectrum. Dr. Wollaston observed that, by 
increasing the breadth of the aperture by which the line of 
light was admitted, the space occupied by each coloured raj 
in the spectrum was augmented, in proportion as each por* 
tion encroached on the neighbouring colour and mixed with 
it; so that the intervention of orange and yellow, between 
the red and green, is owing, he supposes, to the mixture of 
these two colours, and the blue is blended on the one side 
with the green, and on the other with the violet, forming 
the spectrum as it was originally observed by Sir Isaac 
Newton, and which I have just shown you. 

The rainbow, which exhibits a series of colours so analo- 
gous to those of the spectrum, is formed by the refraction of 
the sun's rays in their passage through a shower of rain, 
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every drop of which acts as a prism, in separating the co- 
loured rays as they pass through it. 

£mtlt/. Pray, Mrs. B., can not the sun's rays be collect- 
ed to a focus by a lens in the same manner as they are by a 
concave mirror? 

Mr9 B. No doubt the same effect is produced by the 
refraction of a lens as by the reflection of a concave mirror: 
in the first, the rays pass through the glass and converge to 
a focus behind it; in the latter, they are reflected from the 
mirror, and brought to a focus before it. A lens, when used 
for the purpose of collecting the sun's rays, is called a burn- 
ing glass. The sun now shines very bright; if we let the 
rays fall on this lens you will perceive the focus. 

Emily. Oh yes: the point of union of the rays is very 
luminous. I will hold a piece of paper in the focus, and see 
if it will take fire. The spot of light is extremely brilliant, 
but the paper does not burn? 

J\Ir8, B, Try a piece of brown paper; — that you sec 
takes fire almost immediately. 

Caroline, This is surprising; for the light appeared to 
shine more intensely on the white than on the brown paper. 

Mrs. B. The lens collects an equal number of rays to 
a focus, whether you hold the white or the brown paper 
there; but the white paper appears more luminous in the 
focus, because most of the rays, instead of entering into the 
paper, are reflected by it; and this is the reason that the pa- 
per is not burnt: whilst, on the contrary, the brown paper, 
which absorbs more light than it reflects, soon becomes heat- 
ed and takes fire. 

Caroline. This is extremely curious; but why should 
brown paper absorb more rays than white paper? 

Mr9, B. I am far from being able to give a satisfactory 
answer to that question. We can form but mere conjecture 
on this point; and suppose that the tendency to absorb, or 
reflect rays, depends ou the arrangement of the minute par- 
ticles of the body, and that this diversity of arrangement 
renders some bodies susceptible of reflecting one coloured 
ray, and absorbing the others; whilst other bodies have a 

19 
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tendency to reflect all the colours, and others again, to ab- 
sorb them all. 

Emily. And how do you know which colours bodies 
have a tendency to reflect; or which to absorb? 

Mrs. B. Because a body always appears to be of the 
colour which it reflects; for, as we see only by reflected 
rays, it can not appear but of the colour of those rays. 

Caroline, But we see all bodies of their own natural 
colour, Mrs. B.; the grass and trees, green; the sky, blue; 
the flowers of various hues. 

Mrs, B. True; but why is the grass green?— because it 
absorbs all except the green rays; it is therefore these only 
which the grass and trees reflect to our eyes, and which 
makes them appear green. The sky and flowers, in the 
same manner, reflect the various colours of which they ap- 
pear to us; the rose, the red rays; the violet, the blue; the 
jonquil, the yellow, &c. 

Caroline. But these are the permanent colours of the 
grass and flowers, whether the sun's rays shine on them or 
not. 

Mrs, B, Whenever you see those colours, the flowers 
must be illumined by some light; and light, from whatever 
source it proceeds, is of the same nature, composed of the 
various coloured rays which paint the grass, the flowers, 
and every coloured object in nature. 

Caroline. But, Mrs.B., the grass is green, and the 
flowers are coloured, whether in the dark, or exposed to 
the light? 

Mrs. B. Why should you think so? 

Caroline, It can not be otherwise. 
'Mrs. B, A most philosophical reason indeed! But, as 
I never saw them in the dark, you will allow me to dissent 
from your opinion. 

Caroline. What colour do you suppose them to be, then, 
in the dark? 

Mrs. B. None at all; or black, which is the same thing. 
You can never see objects without light. Light is composed 
of colours; therefore there can be no light without colours; 
and though every object is black, or without colour in the 
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dark, it becomes coloured, as soon as it becomes visible. It 
is visible, indeed, but by the coloured rajs which it reflects; 
therefore we can see it only when coloured. 

Caroline. All you say seems very true, and I know not 
what to object to it; yet it appears at the same time incredi- 
ble! What, Mrs. B., are we all as black as negrpes, in the 
dark? you make me shudder at the thought. 

Mrs. B, Your vanity need not be alarmed at the idea, 
as you are certain of never being seen in that state. 

Caroline. That is some consolation, undoubtedly; but 
what a melancholy reflection it is, that all nature which ap< 
pears so beautifully diversified with colours should be one 
uniform mass of blackness! 

Mrs. B. Is nature less pleasing for being coloured, as 
well as illumined by the rays of light; and are colours less 
beautiful, for being accidental, rather than essential pro- 
perties of bodies? 

Providence appears to have decorated nature with the 
enchanting diversity of colours, which we so much admire, 
for ihc sole purpose of beautifying the scene, and rendering 
it a source of pleasurable employment: it is an ornament 
which embellishes nature, whenever we behold her. What 
reason is there to regret that she does not wear it when she 
is invisible? 

Emily. I confess, Mrs. B., that I have had my doubts, 
as well as Caroline, though she has spared me the pains of 
expressing them: but I have just thought of an experiment, 
which, if it succeeds, will, I am sure, satisfy us both. It 
is certain, that we oan not see bodies in the dark, to know 
whether they have then any colour. But we may place a 
coloured body in a ray of light, which has been refracted by 
a prism; and if your theory is true, the body, of whatever 
colour it naturally is, must appear of the colour of the ray, 
in which it is placed; for since it receives no other coloured 
ravs, it can reflect no others. 

Caroline. Oh ! that is an excellent thought, Emily; will 
you stand the test, Mrs. B. 

Mrs. B, I consent: but we must darken the room^ and 
admit oo)j the ray which is to bt Teh^c\^ik\ ^^^r^vafc^^* 
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white rays will be reflected on the body under trial, from 
various parts of the room. With what do you choose to 
make the experiment? 

. Caroline. This rose: look at it, Mrs. B., and tell me 
whether it is possible to deprive it of its beautiful colour? 

Mrs. B, We shall see. — I expose it first to the red rays, 
and the flower appears of a more brilliant hue; but observe 
the green leaves — 

Caroline. Tbey appear neither red nor green; but of a 
dingy brown with a reddish glow! 

Mrs. B. They can not be green, because they have no 
green rays to reflect; neither are they red, because green 
bodies absorb most of the red rays. But though bodies, 
from the arrangement of their particles, have a tendency to 
absorb some rays, and reflect others, yet it is not natural to 
suppose, that bodies are so perfectly uniibrm in their ar- 
rangement, as to reflect only pure rays of one colour, and 
perfectly absorb the others; it is found, on the contrary, that 
a body reflects, in great abundance, the rays which deter- 
mine its colour, and the others in a greater or less degree, ia 
proportion as they are nearer or further fiom its own colour, 
in the order of refrangibility. The green leaves of the rose, 
therefore, will reflect a few of the red rays, which blended 
with their natural blackness, give them that brown tinge: 
if they reflected none of the red rays, tbey would appear 
perfectly black. Now I shall hold the rose in the blue rays — 

Caroline, Ob, Emily, Mrs. B. is right! look at the rose: 
it is no longer red, but of a dingy blue colour. 

Emily, This is the most wonderful of any thing we have 
yet learnt. But Mrs. B., what is the reason that the green 
leaves are of a brighter blue than the rose? 

Mrs, B, The green leaves reflect both blue and yellow 
rays, which produces a green colour. They are now in a 
coloured ray, which they have a tendency to reflect; they, 
therefore, reflect more of the blue rays than the rose^ 
(which naturally absorbs that colour,) and will, of couraei 
appear of a brighter blue. 

Emihj. Yet, in passing the rose through the di£fereBt 
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colours of the spectrum, the flower takes them more readilj 
than the ieaves. 

Mrs, B. Because the flower is of a paler hue. Bodies 
which reflect all the rays are white; those which absorb them 
all are black: between these extremes, the body appears 
lighter or darker, in proportion to the quantity of rays they 
reflect or absorb. This rose is of a pale red; it approaches 
nearer to white than black; it therefore reflects rays more 
abundantly than it absorbs them. 

EmUy, But if a rose has so strong a tendency to reflect 
rays, I should have imagined that it would be of a deep red 
colour. 

JUfs. B. I mean to say, that it has a general tendency 
to reflect rays. Pale-coloured bodies reflect all the colour* 
ed rays to a certain degree, which produces their paleness, 
approaching to whiteness: but one colour they reflect more 
than the rest: this predominates over the white, and deter- 
mines the colour of the body. Since, then, bodies of a pale 
colour in some degree reflect all the rays of light, in passing 
through the various colours of the spectrum, they will re- 
flect them all with tolerable brilliancy; but will appear most 
vivid in the ray of their natural colour. The green leaves, 
00 the contrary, are of a dark colour, bearing a stronger re- 
semblance to black, than to white; they have, therefore a 
greater tendency to absorb, than to reflect rays; and reflect- 
ing very few of any but the blue, and yellow rays, they will 
appear dingy in passing through the other colours of the 
spectrum. 

Caroline. They must, however, reflect great quantities 
of the green rays, to produce so deep a colour. 

Mrs. B. Deepness or darkness of colour proceeds ra- 
ther from a deficiency than an abundance of reflected rays. 
Remember that bodies are, of themselves, black; and if a 
body reflects only a few green rays, it will appear of a dark 
green; it is the brightness and intensity of the colour which 
show that a great quantity of rays are reflected. 

EmUy. A white body, then; which reflects. all the rays, 
Will appear equally bright in all the colours of the spectrum. 

19* 
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Mrs. B. Certainly. And this is easily proved by puss* 
ing a sheet of white paper through the rays of the spectrum. 

Caroline. What is the reason that blue often appears 
green by candle-light? 

Mrs. B. The light ofa candle is not so pure as that of 
the sun: it has a yellomsh tinge, and when refracted by the 
prism, the yellow rays predominate; and as blue bodies re- 
flect the yellow rays in the next proportion (being next in 
order of refraogibility), the superabundance of yellow rayi 
gives to blue bodies a greenish hue. 

Caroline. Candle-Tight must then give to all bodies a 
yellowish tinge, from the excess of yellow rays; and yet it 
is a common remark, that people of a sallow complexion 
appear fairer or whiter by candle-light. 

Mrs. B. The yellow cast of their complexion is not so 
striking, when every object has a yellow tinge. 

EmUy. Pray, why does the sun appear red through a 
fog? 

Mrs. B. It is supposed to be owing to the red rays hav- 
ing a greater momentum, which gives them power to tra- 
verse so dense an atmosphere. For the same reason, the 
sun generally appears red at rising and setting; as the in- 
creased quantity of atmosphere, which the oblique rays must 
traverse, loaded with the mists and vapours which are 
usually formed at those times, prevents the other rays from 
reaching us. 

Cardine. And, pray, why are the skies of a blue colour? 

Mrs. B. You should rather say, the atmosphere; for the 
sky is a very vague term, the meaning of which it would be 
difficult to define philosophically. 

Caroline. But the colour of the atmosphere should be 
v?hite, since all the rays traverse it in their passage to the 
earth. 

Mrs. B. Do not forget that we see none of the rays 
ivhich pass from the sun to the earth, excepting those which 
meet our eyes; and this happens only if we look at the sun^ 
and thus intercept the rays, in which case, you know, Uie 
sun appears white. The atmosphere is a transparent me* 
diuw, throRgh whicb4he sun's rays pass ^ely to the earth; 
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but when reflected back into the atmosphere, their momen- 
tum is considerably diminished; and they have not all of 
them power to traverse it a second time. The niomentum 
of the blue rays is least; these, therefore, are the most irn* 
peded in their return, and are chiefly reflected by the atmos* 
pbere: this reflection is performed in every possible direc- 
tion; so that whenever we look at the atmosphere, some of 
these rays fall upon our eyes; hence we see the air of a blue 
colour. If th^ atmosphere did not reflect any rays, though 
the objects on the surface of the earth would be illuminated, 
the skies would appear perfectly black. 

Caroline, Oh, how melancholy that would be; and how 
pernicious to the sight, to be constantly viewing bright ob- 
jects against a black sky. But what is the reason that bo- 
dies often change their colour; as leaves which wither in 
autumn, or a spot of ink which produces an iron-mould on 
linen? 

Mrs, B, It arises from some chemical change, which 
takes place in the internal arrangement of the parts, by 
which they lose their tendency to reflect certain colours, 
and acquire the power of reflecting others. A withered 
leaf thus no longer reflects the blue rays; it appears, there- 
fore, yellow, or has a slight tendency to reflect several rays 
which produce a dingy brown colour. 

An ink-spot on linen at first absorbs all the rays; but, ex- 
posed to the air, it undergoes a chemical change, and the spot 
partially regains its tendency to reflect colours, but with a 
preference to reflect the yellow rays, and such is the colour 
of the iron-mould. 

Emily. Bodies, then, far from being of the colour which 
they appear to possess, are of that colour which they hare 
the ^greatest aversion to, which they will not incorporate 
with, but reject and drive from them. 

Mrs. B. It certainly is so; though I scarcely dare ven- 
ture to advance such an opinion, whilst Caroline is contem* 
plating her beautiful rose. 

Caroline, My poor rose! you are not satisfied with de« 
priving it of colour, but even make it have aD aversion to it; 
lUid I am uaablc to contradict you. 
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EmUy. Since dark bodies absorb more solar rays than 
light ones, the former should sooner be heated if exposed to 
the sudI^ 

Mrs, B, And they are found by experience to be so. 
Have you never observed a black dress to be warmer than 
a white one? 

Emily. Yes, and a white one more dazzling: the black 
is heated by absorbing the rays, the white dazzling by re- 
flecting them. 

Caroline. And this was the reason that the brown paper 
was burnt in the focus of the lens, whilst the white paper 
exhibited the most luminous spot, but did not take fire. 

Mrs. B, It was so. It is now full time to conclude our 
lesson. At our next^meeting, I shall give you a description 
of the eye. 
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MRS. B. 

The body of the eye is of a spherical Torm: (fig. 1. plate 
XXI.) it has tvtro membranous coverings; the external one, 
a a a, is called the sclerotica; this has a projection in that 
part of the eye which is exposed to view, 66, which is call- 
ed the cornea, because, when dried, it has nearly the con- 
sistence of very fine horn, and is sufficiently transparent 
for the light to obtain free passage through it. 

The second membrane which lines the cornea, and en- 
velops the eye, is called the choroid, c c c; this has an open- 
ing in front, just beneath the cornea, which forms the pupil, 
d d, through which the rays of light pass into the eye. The 
pupil is surrounded by a coloured border called the iris, 
e e, which, by its muscular motion, always preserves the 
pupil of a circular form, whether it is expanded in the dark, 
or contracted by a strong light This you will understand 
better by examining fig. 3. 

Emily, I did not know that the pupil was susceptible 
- of varying its dimensions* 
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J[lrs. B. The construction of the eye is so admirable, 
that it is capable of adapting itself, more or less, to the 
circumstances in which it is placed. In a faint light the 
pupil dilates so as to receive an additional quantity of rays, 
and in a strong light it contracts, in order to prevent the in- 
tensity of the light from itijuring the optic nerve. Observe 
Emily's eyes, as she sits looking towards the windows: her 
pupils appear very small, and the iris large. Now, Emily, 
turn from the light, and cover your eyes with your hand, so 
as entirely to exclude it for a few moments. 

Caroline. How very much the pupils of her eyes are 
now enlarged, and the iris diminished. This is, no doubt, 
the reason why the eyes suffer pain, when from darkness 
they suddenly come into a strong light; for the pupil being 
dilated, a quantity of rays must rush in before it has time to 
contract. 

Emily. And when we go from a strong light into ob- 
scurity, we first imagine ourselves in total darkness; for a 
sufficient number of rays can not gain admittance into the 
contracted pupil, to enable us to distinguish objects: but in 
a few minutes it dilates, and we clearly perceive objects 
which were before invisible. 

Mrs, B, It is just so. The choroid c c, is embued with 
a black liquor, which serves to absorb all the rays that are 
irregularly reflected, and to convert the body of the eye into 
a more perfect camera obscura. When the pupil is expand- 
ed to its utmost extent, it is capable of admitting ten times 
the quantity of light that it does when most contracted. In 
cats, and animals which are said to see in the dark, the 
power of dilation and contraction of the pupil is still greater; 
it is computed that their pupils may receive one hundred 
times more light at one time than at another. 

Within these coverings of the eye*ball are contained three 
transparent substances called humours. The first occupies 
the space immediately behind the cornea, and is called the 
aqueous humour, //, from its liquidity and its resemblance 
to water. Beyond this is situated the crystalline humour, 
gg, so called from its clearness and transparency: it hai the 
form of a lens, and refracts the ray» of light io a greater de« 
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gree of perfection than any that have been constructed by 
art: it is attached b^ two muscles, m m, to each side of the 
choroid. The back part of the eje, between the crystalhne 
humour and the retina, is filled by the vitreous humour, h A, 
which derives its name from a resemblance it is supposed 
to bear to glass or vitrified substances. 

The membranous coverings of the eye are intended chiefly 
lof the preservation of the retina, i i, which is by far the 
most important part of the eye, as it is that which receives 
the impression of the objects of sight, and conveys it to the 
mind. The retina consists of an expansion of the optic nerve, 
of.a most perfect whiteness: it proceeds from the brain, en- 
ters the eye, at n, on the side next the nose, and is finely 
spread over the interior surface of the choroid. 

The rays of light which enter the eye by the pupil are 
refracted by the several humours in their passage through 
them, and unite in a focus on the retina. 

Carolinet I do not understand the use of these refracting 
humours: the image of objects is represented in the camera 
obscura, without any such assistance. 

Mrs. B. That is true; but the representation would be 
much more strong and distinct, if we enlarged the opening 
of the camera obscura, and received the rays into it through 
a lens. 

• I have told you that rays proceed from bodies in all pos- 
sible directions. We must, therefore, consider every part 
of an object which sends rays to our eyes, as points from 
which the rays diverge, as from a centre. 

Emily. These divergent rays, issuing from a single point, 
I believe you told us, were called a pencil of rays? 

JSIrs. B. Yes. Now, divergent rays, on entering the 
pupil, do not cross each other; the pupil, however, is suffi- 
ciently large to admit a small pencil of them; and these, if 
not refracted to a focus by the humours, would continue 
diverging after they had passed the pupil, would fall dis- 
persed upon the retina, and thus the image of a single point 
would be expanded over a large portion of the retina. The 
divergent rays from every other point of the object would be 
spread over a similar extent of space, and would interfere 
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and be confounded with the first; so that no distinct imag 
could be formed, and the retina would represent total con 
fusion both of figure and colour. Fig. 3. represents tw 
pencils of rays issuing from two points of the tree AB, an' 
entering the pupil C, refracted by the crystalline humour 
D, and forming distinct images of tbe^ spot they proceec 
from^ on the retina, at a 6. Fig. 4. difiers from the pre- 
ceding, merely from not being supplied with a lens; in con- 
sequence of which the pencils of rays are not refracted to a 
focus, and no distinct image is formed on the retina. I have 
delineated only the rays issuing from two points of an object, 
and distinguished the two pencils in fig. 4. bj describing one 
of them with dotted lines: the interference of these two pen- 
cils of rays on the retina will enable you to form an idea of 
the confusion which would arise, from thousands and mil- 
lions of points at the same instant pouring their divergent 
rays upon the retina. 

Emily, True; but I do not yet well understand how the 
refracting humours remedy this imperfection. 

Mrs. B. The refraction of these several humours unite 
the whole of a pencil of rays, proceeding from any one point 
of an object, to a corresponding point on the retina, and the 
image is thus rendered distinct and strong. If you conceive, 
in fig. 3., every point of the tree to send forth a pencil of 
rays similar to those, A B, every part of the tree will be as 
accurately represented on the retina as the points a &. 

Emily, How admirably, how wonderfully, this is con- 
trived ! 

Caroline, But since the eye requires refracting humours 
in order to have a distinct representation formed on the re- 
tina, why is not the same refraction necessary for the image 
formed in the camera obscura? 

Mrs, B. Because the aperture through which we re- 
ceived <he rays into the camera obscura is extremely small; 
so that but very few of the rays diverging from a point gain 
admittance; but we will now enlarge the aperture, and fur- 
nish it with a lens, and you will find the landscape to be 
more perfectly represented. 
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Caroline^ How obscure and confused the image is now 
that you- have ealarged tbe openingi without putting in the 
]ens. 

Mrs. B. Such, or very similar, would be the represen- 
tation on the retina, unassisted by the refracting humours. 
But Me .v^kat a diiference is produced by the introduction 
of the lens, which collects each pencil of divergent rays into 
their sevei^ foci. 

Caroline. The alteration is wonderful: the representa- 
tion is more clear, vivid, and beautiful than ever. 

JUrs. B, You will now be able to understand the nature 
of that, imperfection of sight, which arises from the eyes be- 
ing toS^ prominent. In such cases, the crystalline humour, 
D, (fig. 5.) being extremely convex, refracts the rays too 
much, and collects a pencil, proceeding from the object 
A B,'tnto a focus, F, before they reach Uie retina. From 
this focus, the rays prOiceed diverging, and consequently 
form a very confused image on the retina, at a 6. This is 
the defect of short-sighted people. 

Emily. I understand it perfectly. But why Is this de- 
fect remedied by bringing the object nearer to the eye, as 
we find to be the case with short-sighted people? 

Mrs. B. The nearer you bring an object to your eye, 
the more divergent the rays fall upon the crystalline humour, 
and they are consequently not so soon converged to a focus: 
this focus, therefore, either falls upon the retina, or at least 
approaches nearer to it, and the object is proportionably 'dis- 
tinct, as in fig. 6, 

Emily, The nearer, then, you bring an object to a lens, 
the further the image recedes behind it. 

Mrs. B, Certainly. But short-sighted persons have 
another resource for objects which they can not approach to 
their eyes; this is to place a concave lens, G D, (fig. 1 . plate 
XXII.) before the eye, in order to increase the divergence of 
the rays. The eifect of a concave lens is, you know, ex- 
actly the reverse of a convex one: it renders parallel rays 
divergent, and those which are already divergent, still more 
so. By the assistance of such glasses, therefore, the rays 
from a distant object fall on the pupil, as divergent as those 
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from a less distant object; and, with short-sigbted people, 
they tbrow the image of a distant object back as far as the 
retina. 

Caroline. This is an excellent contrivance, indeed. 

Mrs. B. And tell me, what remedy would you devise 
for such persons as have a contrary defect in their sight; that 
is to say, in whom the crystalline humour, being too flat, 
does not refract the rays sufficiently, so that they reach the 
retina before they are converged to a point? 

Caroline. I suppose that a contrary remedy must be ap- 
plied to this defect; that is to say, a convex lens, L M, 6g. 
2., to make up for the deficiency of convexity of the crystal- 
line humour, O P. /For the convex lens would bring the 
rays nearer together, so that they would fall eitlier less diver- 
gent, or parallel on the crystalline humour; and, by being 
sooner converged to a focus, would fall on the retina. 

Mrs. B. Very well, Caroline, y This is the reason why 
elderly people, the humours of whose eyes are decayed by 
age, are under the necessity of using convex spectacles. And 
when deprived of that resource, they hold the object at a dis- 
tance from their eyes, as in fig. 4., in order to bring the fo- 
cus forwarder. 

Caroline. I have often been surprised, when my grand- 
father reads without his spectacles, to see him hold the book 
at a considerable distance from his eyes. But I now under- 
stand it; for the more distant the object is from the crystal- 
line, the nearer the image will be to it. 

Emily. I comprehend the nature of these two opposite 
defects very well; but I can not now conceive, how any 
sight can be perfect: for if the crystalline humour is of a 
proper degree of convexity, to bring the image of distant ob- 
jects to a focus on the retina, it will not represent near ob- 
jects distinctly; and if, on the contrary, it is adapted to give 
a clear image of near objects, it will produce a very imper- 
fect one of distant objects. 

Mrs. B. Your observation is very good, Emily; and it 
is true, that every person would be subject to one of these 
two defects, if we had it not in our power to increase or 
cl/minish the convexity of the crystalline humour, and to 
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project it towards, or draw it back from the object, as cir* 
cumstances require. In a young weil-constructed eye, the 
two muscles to which the crystalline humour is attached 
have so perfect a command over it, that the focus of the 
rays constantly falls on the retina, and an image is formed 
equally distinct both of distant objects and of those which 
are near. 

Caroline. In the eyes of fishes, which are the only eyes 
I have ever seen separate from the head, the cornea does 
not protrude, in that part of the eye which is exposed to 
view. 

Mrs. B. The cornea of the eye of a fish is not more 
convex than the rest of the ball of the eye; but to supply 
this deficiency, their crystalline humour is spherical, and 
refracts the rays so much, that it does not require the as- 
sistance of the cornea to bring them to a focus on the re- 
tina. 

Emily. Pray, what is the reason that we can not see an 
object distinctly, if we approach it very near to the eye? 

Mrs. B, Because the rays fall on the crystalline humour 
too divergent to be refracted to a focus on the retina; the 
confusion, therefore, arising from viewing an object too near 
the eye, is similar to that which proceeds from a flattened 
crystalline humour; the rays reach the retina before they are 
collected to a focus, (fig. 4.) If it were not for this imper- 
fection, we should be able to see and distinguish the parts 
of objects, which are now invisible to us from their minute- 
ness; for could we approach them very near the eye, their 
image on the retina would be so much magnified as to ren- 
der tbem visible. 

Emily. And could there be no contrivance to convey 
the rays- of objects viewed close to the eye, so that they 
should be refracted to a focus on the retina? 

Mrs. B. The microscope is constructed for this purpose. 
The single microscope (fig. 5.) consists simply of a convex 
lens, commonly called a magnifying. glass; in the focus of 
which the object is placed, and through which it is viewed: 
by this means, you are enabled to approach your eye very 
near the object, for the lens A B, by diminishpg the diver- 
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gence of the rays, before they enter the pupil C, makes them 
fall parallel on the crystalline butnour D, by which they are 
refracted to a focus on the retina, at R R. > 

Emily, This is a most admirable invention, and nothing 
can be more simple, for the lens magnifies the object merely 
by allowing us to bring it nearer to the eye. 

Mrs. B. Those lenses, therefore, which have the shortest 
focus will magnify the object most, because they enable us 
to bring the object nearest to the eye. 

EmUy, But a lens, that has the shortest focus, is most 
bulging or -convex; and the protuberance of the lens will 
prevent the eye from approaching very near to the object. 

Mrs. B. This is remedied by making the lens extremely 
small: it may then be spherical without occupying much 
space, and thus unite the advantages of a short focus, and 
of allowing the eye to approach the objeet. 

Caroline. We have a microscope at home, which is a 
much more complicated instrument than that you have de- 
scribed. 

Mrs. B. It is a double microscope (fig. 6.), in which 
Tou see, not the object A B, but a magnified image of it, a 6. 
In this microscope, two lenses are employed, the one, LM, 
for the purpose of magnifying the object, is called the object- 
glass; the other, N 0, acts on the principle of the single 
microscope, and is called the eye-glass. 

There is another kind of microscope, called the solar mi- 
croscope, which is the most wonderful from its great mag- 
nifying power: in this we also view an image formed by 
a lens, not the object itself. As the sun shines, I can 
show you the effect of this microscope; but for this purpose, 
we must close the shutters, and admit only a small portion 
of light, through the hole in the window-shutter, which we 
used for the camera ebscura. We shall now place the ob- 
ject A B, (plate XXIII. fig. \.) which is a small insectbe- 
fore the lens C D, and nearly at its focus: the image EF, 
will then be represented on the opposite wall in the same 
manner as the landscape was in the camera obscura; with 
this difference, that it will b« magnified, instead of being 
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diminished. I shall leave you to account for this, by examin* 
ing the figure. 

Emily, I see it at once. The image E F is magnified, 
because it is farther from the lens, than the object A B; while 
the representation of the landscape was diminished, because 
it was nearer the lens, than the landscape was. A lens, 
then, answers the purpose equally well, either for magnify- 
ing or diminishing objects? 

Mrs. B. Yes: if you wish to magnify the image, you 
place the object near the focus of the lens; if you wish to 
produce a diminished Image, you place the object at t dis* 
tance from the lens, in order that the image may be formed 
in, or near the focus. 

Caroline. The nTagnifying power of this microscope, is 
prodigious: but the indistinctness of the image for want of 
light is a great imperfection. Would it not be clearer, if 
the opening in the shutter were enlarged, so as to admit 
more light. 

Mrs. B. If the whole of the light admitted does not fall 
upon the object, the effect will only be to make the room 
lighter, and the image consequently less distinct. 

EmUy, But could you not by means of another lens 
bring a large pencil of rays to a focus on the object, and 
thus concentrate the whole of the light admitted upon it? 

Mrs. B. Very well. We shall enlarge the opening, and 
place the lens X Y (fig. 2.) in it, to converge the rays to a 
focus on the object A B, There is but one thing more want- 
ing to complete the solar microscope, which I shall leave to 
Caroline's sagacity to discover 

Caroline. Our microscope has a small mirror attached 
to it, upon a moveable joint, which can be so adjusted as 
to receive the sun's rays, and reflect them upon the object: 
if a similar mirror were placed to reflect light upon the lens, 
would it not be a means of illuminating the object more 
perfectly? 

Mrs. B. You are quite right. P Q .fig. 2.) is a small 
mirror, placed on the outside of the window-shutter, which 
receives the incident rays S S, and reflects thecti o^l^^^ Vkqsw 
XY, Now that we have compleV^^ V\i^ ^Y^^^Ww^V"^ * 
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amine the mites on tbis piece of cheese^ which I place near 
the focus of the lens. 

Caroline. Oh, how much more distinct the image now 
is, and how wonderfully magnified! The mites on the cheese 
look like a drove of pigs scrambling over rocks. 

Emily. I never saw any thing so curious. Now, an 
immense piece of cheese has fallen: one would imagine it 
an earthquake: some of the poor mites must have been crush- 
ed; how fast they run, — they absolutely seem to gallop. 

But this microsco])e can be used only for transparent ob-* 
jects; as the light must pass through them to form the image 
onlhewall? 

Mrs. E. Very minute objects, such as are viewed in a 
microscope, are generally transparent, but when opaque ob- 
jects are to be exhibited, a mirror M N (fig. 3.) is used to 
reflect the light on the side of the object next the wall: the 
image is then formed by light reflected from the object, in- 
stead of being transmitted through it. 

Emily. Pray, is not a magic lanthorn constructed on the 
same principles? 

J[lrs. B. Yee; with this difference, that the light is sup- 
plied by a lamp, instead of the sun. 

The microscope is an excellent invention to enable us to 
see and distinguish objects, which are too small to be visible 
to the naked eye. But there are objects, which, though not 
really small, appear so to us, from their distance, to these 
we can not apply the same remedy; for when a house is so 
far distant, as to be seen under the same angle as a mite 
which is close to us, the effect produced on the retina is the 
same: the angle it subtends is not large enough for it to form 
a distinct image on the retina. 

Emily. Since it is impossible, in this case, to approaeh 
the object to the eye, can not we by means of a lens bring 
an image of it nearer to us? 

JUrs. B. Yes; but then the object being veiy distant 
from the focus of the lens, the image would be too small to 
be visible to the naked eye. 

EmUy. Then^ why not leek at the image through ano* 
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ther lens, which will act as a microscope, enable us to bring 
the image close to the eye, anJ thus render it visible? 

Mrs. B. Very well, Emily; I congratulate you on hay- 
ing invented a telescope. In figure 4. the lens C D, forms 
an image E F, of the object A B; and the lens X Y serves 
the purpose of magnifying that image; and this is all that is 
required in a common refracting telescope. 

EmUy. But in fig. 4. the image is not inverted on the 
retina, as objects usually are: it should therefore appear to 
us inverted; and that is not the case in the telescopes I have 
looked through. 

Mrs. B. When it is necessary to represent the image 
erect, two other lenses are [Required; by which means a se- 
cond image is formed, the reverse of the first, and conse- 
quently upright. These additional glasses are used to view 
terrestrial objects; for no inconvenience arises from seeing 
the celestial bodies inverted. 

Emily. The difference between a microscope and a 
telescope, seems to be this: — a microscope produces a mag* 
nified image, because the object is nearest the lens; and a 
telescope produces a diminished image, because the object 
is furthest from the lens. 

Mrs, B. Your observation applies only to the lens C D, 
•r object-glass, which serves ta bring an image of the object 
nearer the eye; for the lens X Y, or eye-glass, is, in fact, a 
microscope, as its purpose is to magnify the image. 

When a very great magnifying power is required, tele- 
scopes are constructed with concave mirrors, instead of 
lenses. Concave mirrors, you know, produce by reflection, 
an effect similar to that of convex lenses by refraction. In 
reflecting telescopes, therefore, mirrors are used in order to 
bring the image nearer the eye; and a lens or eye-glass the 
same as in the refracting telescope to magnify the image. 

The advantage of the reflecting telescope is, that mirrors 
whose focus is six feet, will magnify as much as lenses of a 
hundred feet. 

Caroline. But I thought it was the eye-glass only which 
magnified the image; and that the other leas served to bring 
a dimiaished image nearer to the eye. 
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•/IffV. B. The image is dimiDished in comparison to the 
object, it is true; but it is magoified if you compare it to the 
dimensions of which it would appear without the interven- 
tion of any optical instrument; and this magnifying power 
is greater in reflecting than in refracting telescopes. 

We must now bring our observations to a conclusion, for 
I have communicated to you the whole of my very limited 
stock of knowledge of Natural Philosophy. If it will enable 

Jou to make further progress in that science, my wishes will 
e satisfied; but remember that, in order that the study 
of nature may be productive of happiness, it must lead to 
tn entire confidence is the wisdom and goodness of its boun* 
teous Author. 
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